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THE AGE AND ORIGIN OF THE GYPSUM OF 
CENTRAL IOWA. 

Tue known gypsum of Iowa is confined to Webster county, 
which lies somewhat north and west of the center of the state. 
Here it occupies a tract about six miles wide and fifteen miles 
long, on the edge of which the city of Fort Dodge is located. 
The original gypsum area has been greatly reduced by the erosive 
and solvent action of the Des Moines River, which crosses it 
nearly at right angles, cutting completely through it and deep 
into the Coal Measures beneath. Some of the earliest geological 
work undertaken in the state was carried on in this region. The 
Des Moines River exposes along its banks the indurated rock 
and gives at times sections of rock and drift 200 feet in thick- 
ness, which greatly facilitate geological study. The unique 


deposit of gypsum has been attractive to the student on account 


of the theoretical problems that it presents, and to others it is 
interesting on account of its practical value. 

In the year 1849 Owen’ made a hurried trip up to the Des 
Moines River, noticed the gypsum, and made certain deductions 
in regard to its origin. After describing its remarkable thick- 
ness and purity, he adds: 

This plaster stone of the Des Moines does not appear to have been 
deposited in nests or conical heaps, as in the shales of the Onondago Salt 
Group of New York, but rather in continual horizontal beds, conformable to 
the underlying shale. The immense quantity of gypsum of this part of the 

* Geology of Wisconsin, lowa, and Minnesota, p. 126 (Philadelphia, 1852). 
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upper Des Moines can hardly be accounted for on the principle of double 
chemical decomposition between sulphate of iron and carbonate of lime, for- 
merly existing where the plaster now is, since there does not appear to be an 
equivalent bed of iron in the vicinity, nor yet beds of limestone, except thin 
bands of black bituminous, calcareous rocks, by no means extensive, that are 
in immediate connection with the plaster-beds. It seems rather to have been 
an original deposit at the bottom of the ocean; the sulphate of lime having 
probably been derived, during the formation of the rocks, from submarine 
sources, 

In 1856 Worthen’ visited the region and came to the conclu- 
sion that the gypsum does not lie conformably on the Coal 
Measures. Hall? in 1858 and McGee? in 1884 considered the 
stratigraphic relationship and age of the gypsum. Webster 
county was included in the geological studies of C. A. White and 
references to coal and gypsum are made in his annual reports of 
1868 and 1870.4 In these reports White pointed out the great 
value of the Webster county gypsum, and urged that it be devel- 
oped so that the state might furnish the stucco and land plaster 
used within its borders. 

Keyes’ reported quite fully on the gypsum area in 1893, 
describing the position and the extent of the deposit and its 
stratigraphic relationships, and with reference to its age con- 


cluding that it should be referred to the Cretaceous. 


GENERAL RELATIONS OF STRATA, 

Excepting limited Carboniferous outliers, Webster county 
contains the most northern of the lowa Coal Measures. These 
lie just beneath the drift throughout the southern part of the 
county, and extend north to a point three miles above Fort 
Dodge. The Saint Louis limestone underlies the drift in the 
northern part of the county, and appears along the Des Moines 
well to the south, where the stream has cut through the Coal 
Measures. Upon the Coal Measures in the central part of the 
county lie the gypsum beds unconformably. The term “gypsum 

' Geology of Towa, Vol. 1 (1858), p. 177. */hid., p. 142. 

' Tenth U.S. Census, Vol. X, “ Building Stones,” p. 258 (Washington, 1884). 

4 First Annual Report State Geologist (1868), pp. 25-27; Second Annual Report 
(1868), pp. 135-40. Geology of Jowa, Vol. Il, pp. 293, 254-56. 


5 Jowa Geological Survey, Annual Report, Vol. U1 (1893), pp. 259-304. 
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beds" includes the gypsum, red shales, and sandstone which 
often overlie it, and three or four feet of fine clay which com- 
monly occur at its base. Two sections may be given to illustrate 
their stratigraphic relationships. 

The exposure at what was formerly known as Kohle’s Brewery 
near the mouth of Soldier Creek and within the Fort Dodge city 
limits has long been regarded as typical for the gypsum and 


associated red shales and sandstone. 


Feet 
g. Gravel, fresh, clean, well water-worn, containing much limestone - 5 
8. Drift, slightly oxidized, unleached - 28 
7. Gravel, rusted, many decayed fragments, showing only at certain 
points along bluff - 2 
6. Sandstone, soft, friable, buff-colored, though at points not far away 
it is white and heavily bedded - - 5 
5. Shales, argillaceous, sandy layers alternating 5 
3. Sandstone, buff, friable 2 
3. Shale, gray - 2 
2. Thin bands of gypsum and shale 7 
1. Gypsum, massive, exposed - 11 
SECTION IN THE PIT OF THE FORT DODGE CLAY WORKS. 
3. Drift, yellow, unleached, lower part a little darker than the upper 35 
2. Red sandy shale, with occasional thin bands of sandstone - - oO-10 
1. Gray Coal-Measure shales, often containing fossils of ferns, lepido- 
dendrons. <A few iron nodules present and crystals of selenite. 
Separated from red shales above by sharp line of unconformity. 
Along the line of separation there is a layer of gumbo, one foot 
thick - - - - - - - - - - - - 30 


No. 2 includes the red shales found in so many places above 
the gypsum. These red sandy shales are so characteristic, and 
associated so conformably with the gypsum, that in this section, 
as elsewhere, they may safely be regarded as of the same age as 
the gypsum. 

NATURE OF THE GYPSUM BEDS. 

All of the gypsum in Webster county, except the scattered 
crystals of selenite in the Coal-Measure shales, is stratified in 
heavy layers which are rarely less than six inches thick, com- 
monly twelve inches or more, attaining a maximum thickness of 
two feet. The layers are separated by traces of clay. In thick- 
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ness the deposit varics from ten to thirty feet. Instead of thin- 
ning out gradually through a considerable area, it seems to 
diminish but slightly before it abruptly gives place to shale. At 
Kohle’s Brewery, for instance, ten feet of gypsum appear, while 
half a mile further north, in the clay pit of the Fort Dodge Brick 
& Tile Co., only drift and Coal-Measure shales are found. 
Everywhere in the Webster county gypsum the laminz alternate 
regularly in color from green to white. The gypsum is remark- 
ably pure calcium sulphate (CaSO,2H,O). The lower layers, 
generally the lower three fect, are not as pure as the upper and 
are not used in the manufacture of plaster. Even in these lower 
layers, however, the amount of the impurities is so small that 
they would hardly injure the plaster. An analysis of the upper 


layers shows: 


Calcium sulphate (CaSQO,, - 78.44 
Water crystallization (calculated) - - - 20.76 
Insoluble matter (impurities) - 0.65 


An analysis made by Professor J. B. Weems of gypsum taken 
from the lower, middle, and upper part of those layers that are 


rejected in making plaster shows: 


Alumina, A1,O, - - 1.00 
Calcium sulphate, CaSO, - - 76.28 
Water - - - - 20.72 

Total 99.92 


With traces of magnesia and carbon dioxide. 

When made into plaster this lower layer, while soft, will not 
adhere to the laths satisfactorily. After hardening it is as firm 
and durable as the plaster made from the upper layers. The 
gypsum is crystalline throughout, the slender needlelike crystals 
being arranged at right angles to the plane of sedimentation. 
Though the gypsum is now well preserved by the thick mantle 
of drift that overlies it, at one time it formed the surface rock, 
and in consequence suffered considerably from erosion and solu- 
tion. When the overlying drift is removed, the surface of the 
gypsum everywhere seems deeply trenched, some of the trenches 


‘Analysis by G. E. Patrick, /owa Geological Survey, Vol. I11, p. 291. 
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cutting half-way through the entire deposit. At times the gyp- 
sum is wholly cut out, and records of drillings at points wholly 
surrounded by gypsum show only gravel. Trenches are fre- 
quently encountered in mining the gypsum when they cause con- 
siderable trouble. Where exposed along ravines, the gypsum is 
decayed on the surface to a depth of three or four inches, and 


picturesquely grooved and fluted. 
AGE OF THE GYPSUM AND ASSOCIATED DEPOSITS. 


In considering the age of the gypsum, the red shales which 
accompany it must be kept in mind, for they are very closely 
associated, as shown by exposures along Soldier Creek, where 
thin layers of gypsum are found in the shales. Wherever they 
were not removed by preglacial erosion, these shales overlie the 
gypsum conformably. Their extent is greater than that of the 
gypsum, and in the pit of the Fort Dodge clay works, as already 
described, they may be seen resting unconformably on the Coal- 
Measures. In Douglas township, sec. 8, there is a good expos- 
ure of these red shales which is six miles northwest of any known 
gypsum. Their color is striking, often brilliant, and for this 
reason they have been used to some extent as a natural pigment. 

The fact that the gypsum and the red shales lie unconform- 
ably on the Coal Measures is good ground for believing that, if 
they belong to the Paleozoic era, they were formed near its close, 
during the Permian. The Permian beds of Kansas, Indian Terri- 
tory and Texas, which contain quantities of gypsum, are so highly 
and so characteristically colored that they are known as the “red 
beds.”’ These red beds, like the red shales and gypsum of 
lowa, are nearly destitute of fossils, due probably to the fact that 
the climatic conditions favoring deposition of gypsum were hos- 
tile to organic life. Aridity is the climatic characteristic most 
essential for great deposits of gypsum, and the redness of the 
sandstones and shales usually accompanying gypsum deposits of 
all ages and localities may fairly be assumed to be an effect of cli- 
mate, direct or indirect, on the iron content of the soil. All of 
these considerations—namely, the arid climate that prevailed 
during the Permian, shown by great gypsum deposits associated 
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with red shales occurring in both Europe and America, and the 
striking resemblance which the series bears to the Permian only 
300 miles to the west—carry great weight. The lowa series 
might reasonably be interpreted as an outlier of the Permian of 
Kansas and Indian Territory. During the long interval between 
its deposition and that of the drift which now protects it erosion 
had an abundant opportunity to remove the Permian from the 
intervening territory. The gypsum was doubtless protected by 
heavy beds of the red shales, for, had it been exposed long, it 
must have yielded to the solvent and erosive action of water. 

The gypsum has been referred to the Cretaceous and to the 
Eocene for stratigraphic reasons. In the region of the Missis- 
sippi valley and great plains there are two well-marked uncon- 
formities to be considered. One occurs at the base of the 
Cretaceous, and the other at the base of the Eocene. By an 
unconformity also, the gypsum beds of lowa are separated from 
the Coal Measures. The Missourian, which farther west attains 
a considerable thickness, is here wholly absent, and instead of 
deposition, erosion was probably taking place in the Fort Dodge 
region during this stage. No unconformity has been recognized 
between the Permian and the Coal Measures in Texas and 
Kansas. The absence of an unconformity in these regions does 
not preclude the possibility of a local unconformity in Iowa. 
More striking unconformities, local in nature, between certain of 
the older formations in the state, can be positively demonstrated. 
The surface beneath the gypsum was plainly not brought down 
to a base level before the deposition of the gypsum, for the 
gypsum lies in an erosion trough which has rather steep slopes. 

In view of the important climatic conditions which will be 
presently considered, which seem to have been particularly 
favorable during the Permian all over the world, a local uncon 
formity may be admitted if it obviates the necessity of referring 
the gypsum to the Cretaceous, where these conditions were 
notably absent. 

To regard the gypsum as belonging to the Eocene seems 


impossible, when the conditions under which it was formed, con- 


sidered in a later paragraph, are taken into account. The evi- 
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dence seems sufficient to show that a deposit so extensive and 
so pure could not have been formed in a basin without oceanic 
connection, and an oceanic connection during the Eocene for a 
basin in central Iowa seems impossible. 

Attention has lately been called to a well boring at Cherokee 
which reached a depth of 800 feet. At the bottom, beneath a 
sandstone that was certainly Dakota, and at a depth below any 
possible Cretaceous beds in this state, sixteen feet of gypsum 
are said to have been found. The persons making the report 
are regarded as reliable. Gypsum is readily identified and the 
report has significance. An effort is being made to determine 
positively the nature of the material regarded as gypsum. If 
the report is correct it has a direct bearing on the question in 
hand, for the position of this gypsum would indicate that it 
belonged to the close of the Carboniferous. 

The claims of the Cretaceous have been pressed also, on other 
than stratigraphic grounds," Reference to the geological map of 
lowa shows that Cretaceous deposits are present throughout the 
greater part of northwestern Iowa, and that they approach within 
thirty miles of Webster county, at Auburn in Sac county, where 
they appear as chalk. The Cretaceous in Iowa consists of sand- 
stone of the Dakota stage, and shales, limestone and chalk of 
the Colorado stage. Sandstone, shales, and limestone have yielded 
abundant fossils which definitely fix their age. Other things 
being equal, it would be somewhat more natural to regard the 
Webster county gypsum series as an outlier of the Cretaceous 
than of the Permian which is farther away, yet the distance is 
not so great as to render a correlation with the Permian in any 
degree improbable, if the preponderance of other evidence favors 
such a view. <A review of Cretaceous climatic conditions is first 
of all necessary, for if aridity is a more striking characteristic of 
the Permian than of the Cretaceous, the Cretaceous age of the 
gypsum can hardly be established. The Dakota sandstone is at 
times red, but this color does not everywhere prevail, and it does 
not characterize the Cretaceous shales and limestones in any 
degee. The Dakota sandstone abounds in fossils, as does the 


‘Jowa Geological Survey, Vol. U1, p. 290. 
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limestone of the Colorado stage, in which /neceramus labtatus is 
found in great numbers. The Benton shales, while not so rich 
in fossils as the limestones, contain Ostrea congesta, Prionocyclus 
wyomingensis, and other species, none of which are brackish 
water forms. They contain also some selenite, but, in view of the 
fossil content of the shales, it is probable that the selenite was 
not formed by precipitation from concentrated brine at the time 
that the shales were laid down, but is due to subsequent chemical 
reaction in which sulphuric acid, generated perhaps from iron 
pyrites, converted part of the lime carbonate of the shales into 
the sulphate. In barrenness of fossils, in color, and in associa- 
tion with gypsum the red shales which accompany the lowa gyp- 
sum resemble the Permian of Kansas much more than they do 
the Cretaceous shales of lowa. The presence of chalk in Sac 
county, close to what must have been the Cretaceous shore indi- 
cates that for a time sediments from land were at a minimum, 
and organic sediments unmixed with land waste were able to 
accumulate near the shore. This would indicate an absence of 
the barren surface usually attending aridity, or the absence of 
elevation, or both, so that climatic conditions favoring deposits 
of gypsum are not implied by the chalk of the Cretaceous. 
Regions devoid of rainfall are characterized by wind storms of 
great violence capable of transporting much earthy material as 
dust and carrying it out to sea, where it would ultimately be 
deposited. The arid regions of America are subject to brief but 
violent rain storms, during which erosion is vigorous on the sur- 
face barren of vegetation. Low land surfaces covered with an 
abundant vegetation are most favorable for pure chemical and 
organic accumulations in the neighboring seas. The great purity 
of many gypsum deposits presents a difficulty for this very 
reason, for land vegetation must have been limited during the 
concentration of the sea water and conditions favorable for dust 
storms seem likely to have prevailed. Microscopic examination 
of the Iowa gypsum reveals particles of sand scattered through 
the gypsum, probably by wind, but the total amount is small, 
amounting to about 1 per cent. of the whole. 

The age of the great gypsum and salt deposits of the world 


is shown below: 
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FOREIGN, AMERICAN, 
PLEISTOCENE AND RECENT. 
Caspian Sea and Asiatic lakes.’ Great Salt Lake. i 
PLIOCENE, 
Transylvania, near Prague (salt).’ 
Caspian Sea in Karabhogas Bay 
(salt and gypsum).? 
Austria at Wieliczka, Siebenbiirgen 
(salt and gypsum).‘ 
MIOCENE. 
None, 
OLIGOCENE. 
Transylvania and Carpathian Moun- 
tains (gypsum and salt).$ 
Germany, Sperenberg (gypsum).° 
France, Montmartre (gypsum).’ 
EOCENE. 


None. 


CRETACEOUS, 


None. 


JURASSIC, 


None. 


TRIASSIC. 

Germany :* | Black Hills (gypsum).*° 
Hanover, Arnstadt. 
Erfurt, Thuringia. 

Lothringen (gypsum and salt). 

England 

From Scotland to Devonshire 
(gypsum and salt). 


*GEIKIE, 7ext-Book of Geology, 34 ed., pp. 737-39. 


Jbid., p. 1018. © CREDNER, of. cit., p. 679. 
3 /bid., p. 1004. /bid., p. 675. 

4CREDNER, Geologie, pp. 699, 700. ® Thid., p. §20. 

SGEIKIE, of. ctt., p. 993. 9 GEIKIE, of. ctt., p. 866. 


U.S. Geological Survey, DARTON’s report on Black Hills, Twenty-first Annual 
Report, Part IV. 
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PERMIAN, 
Germany:" lowa (gypsum). 
The Hartz (gypsum), Texas (gypsum)." 
Stassfurt, Sperenberg (gypsum Kansas (salt and gypsum)."4 
and salt). Oklahoma and Indian Territory." 
South Tyrol (gypsum). Black Hills (gypsum )" 


Russia (gypsum, salt)."? 


CARBONIFEROUS., 
Lower Carboniferous. 
Mississippian. 
Lower Michigan (gypsum)." 
Nova Scotia (gypsum and salt). 
Virginia (gypsum and salt).' 
Montana (gypsum)."? 


DEVONIAN, 


None. 
SILURIAN. 
Russia, Baltic provinces (gypsum). New York (gypsum and salt) 
| 


Ohio (gypsum and salt).” 
Pennsylvania (gypsum). 
| Upper Michigan (gypsum ).* 
ORDOVICIAN, 


None. 


CAMBRIAN, 
Punjab Salt Range, India.* 
CREDNER, of. pp. 503-11. "3 Texas Survey, Third Annual Report, p. 212. 
"GEIKIE, of. cit., p. 853. “4 University Geological Survey of 
'SU. S. Geological Survey, DARTON’S report, foc. 
‘6 Geological Survey of Michigan, Vol. V (1881-93), Part I, pp. 14-30. 
Vineral Resources of Canada, 1897, pp. 105-11. 
Resources of Southwestern Virginia, Boyd, 1875, pp. 260-304. The reference 
of Virginia gypsum to the Lower Carboniferous is exceedingly doubtful. 
9U. S. Geological Survey, Benton Folio, p. 6. 
GEIKIE, of. ct/., p. 789. 
Vew York Geological Survey, Vol. U1, No. 15, p. 550. 
? Geological Survey of Ohio, Vol. V1, pp. 691-702. 
Geolovical Survey of Pennsylvania, Summary Final Reports, Vol. Ul, pp. 914-15. 
* Geological Survey of Michigan, Vol. 1 (1869-73), Part III, pp. 29-31. 


GEIKIE, of. pp. 


37-39. 
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Climatic conditions in both hemispheres, therefore, seem to 
have been favorable for deposits of gypsum during the Permian, 
whereas, if the lowa gypsum were referred to the Cretaceous, it 
would be the only gypsum deposit of economic importance in 
Europe or America assigned to this period of geological history. 
The gypsum may therefore be reasonably regarded as Permian, 
though the possibility of its being Triassic cannot be denied. 

ORIGIN OF THE GYPSUM. 

Gypsum deposits are generally ascribed to two causes: (1) 
the transformation of deposits already formed by various chem- 
ical reactions, and to reactions between the salts in solution, or 
(2) to precipitation from sea water, due primarily to concentra- 
tion by evaporation. 

1. The most frequent transformation of deposits already 
formed is the change of limestone (CaCO, ) into gypsum (CaSO, 
+ 2H,Q), through the agency of sulphuric acid, according to 
the equation H,SO, + CaCO, CaSO, + CO, + H,O. The 
sulphuric acid may be generated by the oxidation of the sul- 
phuretted hydrogen of sulphur springs or of volcanoes, or by the 
action of water on some sulphide ore like pyrites. The deposits 
which Dana attributes to the action of sulphuric acid generated 
from the sulphuretted hydrogen given off by sulphur springs in 
New York? are quite extensive. In certain instances the gypsum 
occurs in masses with irregular outline in limestone, and layers 
of shale in the limestone pass unaltered through the gypsum. In 
view of this evidence, the gypsum must be regarded as derived 
from the limestone. Deposits of this sort are exceptional, how- 
ever, and it is probable that most of the gypsum of New York 
had a different origin. 

Insignificant gypsum deposits occur about the fumaroles of 
craters and lava streams in Hawaii where sulphurous acid SO, is 
converted into sulphuric, and attacks rocks which contain lime. 
The frequent occurrence of small amounts of gypsum with 
hematite in the upper part of ore veins may be accounted for by 
the following reaction ;? Fe,O, (SO,), + 2 CaCO, — 2CaSO, 


> 


* DANA, Manual of Geology, 4th ed., p. 554. ? BECK, Erelagerstattenlehre, p. 393. 
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Fe,O, + 2 CO,, the original form of the iron being FeS, 
Cerussite and smithsonite with gypsum in a mineral vein are 
similarly accounted for. Anhydrite when exposed to air con- 
taining moisture gradually takes on water and forms gypsum. 

2. That great quantities of gypsum in all parts of the world 
and at different times in geological history have been derived 
from sea water by evaporation is generally recognized. Sea water 


contains 3% per cent. of mineral matter, distributed as follows: 


Chloride of sodium - 77.758% 
Chloride of magnesium - - 10.878 
Sulphate of magnesium . - - 4.737 
Sulphate of calcium (gypsum) 3.600 
Sulphate of potassium . - 2.465 
Carbonate of lime - - 0.345 
Bromide of magnesium - 0.217 
Total 100,000% 


Gypsum is deposited from typical sea water when 80 per cent. 
of the water has evaporated, whereas common salt is not deposited 
until the bulk of the water is reduced more than 90 per cent, 
Gypsum deposits are more widespread than salt, but salt usually 
occurs in thicker beds. These facts, taken with the relative 
amount of cach salt in sea water and the amount of evaporation 
necessary for precipitation in each case, accord with the theory 
which regards the evaporation of sea water as the cause of most 
salt and gypsum deposits. It is evident that conditions allowing 
the 8o per cent. of evaporation necessary for a gypsum deposit 
would occur more often than those giving rise to 90 per cent. of 
evaporation and a deposit of rock salt. When the amount of 
evaporation necessary for a salt deposit took place, however, the 
high percentage of salt in the water would yield a stratum of 
notable thickness as compared with gypsum. 

The accompanying diagram indicates the relation of deposi- 
tion to density in the case of the salts common to sea water. 
The magnesium chloride alone is not actually precipitated, but 
remains in solution always under ordinary atmospheric condi- 
tions. It may be precipitated, however, with potassium chloride 
as carnallite. Three-fourths of the gypsum is deposited between 
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vr 


the densities of 1.1315 and 1.21, whereas the deposition of salt 
does not begin until the latter point is reached. The remaining 
one-fourth is precipitated with the salt, but constitutes so small 
a part of the whole that the commercial value of the salt is not 


appreciably lowered. The normal order of deposition on evap- 


oration from sea water, density 

beginning with the first 050g 

which occurs, of course, 
at the bottom of the 

‘ @ 

deposit, is: 

1. Limestone with limo 
nite, CaCO, and 2Fe,0O, 

es Nall 

3H,0O. 7008 aes 

2,Gypsum CasoO, 1246 
2H Mail 

3. Sodium chloride Mg 50, KO MgB, 

4. The bitter salts (in 1339 ——_—_—_—— q 
carnallite) KC] MgCl, 
6H,0O, Fic. 1.—Sketch showing the order of precipitation 


Practically this order of salts from sea water, with increase in density due to 
evaporation. 
is observed in the great 
salt deposits of Stassfurt, Germany. 

While gypsum has been formed and is still forming in all of 
the ways described, most of these explanations are manifestly 
not adapted to the Webster county deposit. The definite lami- 
nation and layering of the gypsum indicate an aqueous origin. 
Pointing to the same conclusion is the fact that no limestones 
are associated with the gypsum which by alteration could yield 
gypsum, Salt may be regarded as absent from the lowa gypsum 
area. If it existed, it would probably have been detected in some 
of the many wells and prospect holes. Its absence is not sur- 
prising, for the degree of concentration necessary for a salt 
deposit may never have been reached, or the salt, after having 
been deposited, may have been removed by subsequent erosion 
and solution. 

The great thickness of some occurrences of gypsum and salt 


must be considered in seeking to determine their origin. The 
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combined series of Strassfurt amounts to more than 1,000 feet, 


and at Sperenberg to more than 3,000 feet. To yield even fifteen 


The bedding and lamination of the gypsum show nicely in the pile in 


or 
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feet of gypsum, the average thickness in the lowa field, an 
immense amount of water must have been evaporated. A cubic 


foot of gypsum weighs 140 pounds, and the amount of gypsum 
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in a cubic foot of sea water today is three-fiftieths of one pound. 
The amount of water necessary to yield a cubic foot of gypsum, 
then, is 2,333.3 cubic feet. If the sides of the containing basin 
were vertical, the depth of the water necessary to produce fifteen 
feet of gypsum must have been 35,000 feet. If the average 
thickness of the lowa gypsum be taken as fifteen feet and the 
gypsum area seventy square miles in extent, the amount of sea 
water necessary to deposit it, assuming that its content of gypsum 
was the same as in sea water today, was sixty-eight trillions of 
cubic feet. Ifa basin twenty miles wide be assumed. with two 
shores sloping to a center at an angle of 10 degrees, the length 
of the basin which would contain this amount of water must have 
been twenty-six miles and the depth at the center more than 
9,000 feet, diminishing uniformly in depth from the center. 
Such a trough manifestly did not exist at the locality in question 
at the time of the deposition, and the hypothesis that the gypsum 
was deposited in a detached arm of the ocean, unaided by con- 
siderable supplies of salt from rivers or from the main body of 
salt water, is untenable. 

There remain to be considered: (1) arms of the sea which 
were at least part of the time connected with the ocean, and 
which received more or less water from land; (2) inclosed seas 
fed wholly by rivers and without outlet except by evaporation. 

Taking up the second case first, it will be instructive to review 
the conditions actually existing in inclosed salt seas in Asia and 
America. The nature of salt deposits made in a lake not connected 
with the ocean and without outlet, where evaporation is as great as, 
or greater than, inflow, may vary as widely as do the relative 
proportions of salts in the inflowing streams. The variation in 
the nature and amount of salts carried in solution by different 
streams is a natural consequence of differences in the mineral 
constitution of their drainage areas. In the Elbe and Thames 
chlorides predominate’ (in the latter with gypsum), and the 
evaporation of these waters would give rise to lakes containing 
a large percentage of common salt. In the Seine, sulphate of 
lime (gypsum) predominates, while the waters of the Rhine, 


'T. STERRY HluNtT, Chemical and Geological Essays. 
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Danube, and Aar contain small amounts of chlorides and large 
percentages of sulphates of lime and magnesia. The Loire con- 
tains in 100,000 parts 13.46 of solid matter, of which 35 per 
cent. is calcium carbonate, while two-thirds of the soluble salts 
In nearly all rivers bicarbonate of soda 
The solubility of calcium carbon- 


are carbonate of soda. 
is present in large quantities. 
ate in water which is in contact with the air at 16 C. is 0.0746 
grains per liter, which is six times its solubility in pure unaérated 
water. The CaCO, is for the most part present as the bicarbon- 
ate Ca(HCO,),, only 3 per cent. of it existing as normal 
carbonate.’ 


ANALYSES OF SALTS IN THE WATERS FROM AMERICAN RIVERS.’ 


(Parts per 1,000,000 of water.) 


St. Lawrence Mississippi Missouri 


Constituents (ittawa 
K Cl 1.60 2.20 Not given Not given 
NaC] 2.25 $8.57 32.03 
KySO), 1.22 Not given Not given 
Na,S0), a 1.8 12.29 Not given Not given 
MgsO, 15.41 125.20 
CaSO, 9.93 
MgC), 6.96 25.37 19.03 
CaCO), 24.50 SO.S3 94.50 ISQ.35 


The water of the river Jordan gives the following analysis :3 


Sodium chloride (common salt) 0.35 
Magnesium chloride 0.03 
Calcium chloride 0.07 
Calcium sulphate (gypsum) 0.04 


Water 99.50 

The waters of the Dead Sea are the result of concentration 
by evaporation of waters containing salt. Quoting Bishof :+ 

In spring when the streams are turbid with the particles of carbonate of 
lime and clay, mere mechanical deposits take place, for at this period, when 

‘CAMERON AND BriaGs, Journal of Physical Chemistry, Vol. V, No. 8, p. 548. 

* BAILEY WILLIS, in JOURNAL OF GEOLOGY, Vol. I, p. 508. The waters of the 
Mississippi and the Missouri were sampled in the autumn during low water, near their 
junction 


Biscnor, Chemical and Physical Geology, Vol. 1. 4 Loc. cit.. Pp. 397. 
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large masses of water are carried into the Dead Sea, and the saline solution 
thereby diluted, while at the same time the evaporation is but slight, no 
common salt is deposited. During the ensuing warmer months the chemical 
deposition of common salt and carbonate of lime take place. Should the 
stream become turbid at this season in consequence of continued rain, deposits 
are formed which contain a less amount of common salt. In this way there 
must arise a constant alternation of different irregular layers of greater or 
less thickness. All these layers must contain gypsum, since in a water which 
contains so much chloride of magnesium as is present in the Dead Sea, 
gypsum, as we shall subsequently see, is dissolved with difficulty, as is also 
shown by the small proportion in which this salt exists in that sea. 

Lake Elton, a brine pool of the Russian steppes, may once 
have had an oceanic connection. If this is true, the calcium 
carbonate and gypsum of the original sea water have been 
deposited, for the water now contains but small quantities of 
lime salts, but chlorides of sodium and magnesium with sulphide 
of magnesium are present in abundance.’ Bischof describes 
the lake as follows: 

The Elton lake, whose greatest diameter is 20 and its smallest 16 versts, 
lies tg feet below the level of the ocean. It has flat banks and may be 
waded through almost anywhere. On its margins and upon its bed there is 
almost everywhere crystalline salt. This forms layers from one to two inches 
in thickness which are separated from one another by layers of mud and 
earth. The streams which empty into it are eight in number. They all 
contain more or less salt, and consequently carry supplies of this substance 
into the lake. The most considerable among them is the Charisacha, which 
is also the only one which continues to flow during the whole year. In the 
loamy soil which surrounds the lake numerous small crystals of gypsum are 
imbedded. 

A deposit of salt is formed in this lake every summer. In 
the winter and spring the water is diluted by the rivers which 
are then copious, and a layer of silt, probably carrying some 
gypsum, is formed. The decrease or complete disappearance of 
CaSO, from the water of Lake Elton into which it is being 
constantly conveyed by the Charisacha River, the waters of which 
have been analyzed, shows that the gypsum goes down with the 
salt. 

Great Salt Lake in Utah furnishes an excellent example of 


salt deposits ina lake without oceanic connections. The present 


* Analysis by Gobel, quoted by Bischof, /oc. ctt., p. 404. 
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lake is but a remnant of the much larger Lake Bonneville, which 
was at one time fresh and was drained by a stream flowing into 
the Snake River. Its present salinity is high, the specific gravity 
of the water being 1.1* and its saline contents, varying with the 
seasons from 14 to 22 per cent., is distributed as follows, as 


shown in five analyses :? 


Sodium chloride 90.7 79.1 65.9 $0.5 
Potassium chloride 14.1 

Magnesium chloride | 9.9 8.9 6.7 10.3 
Sodium sulphate. ..... $.2 6.2 S.1 8.5 5.4 
Potassium sulphate 3.6 2.6 2.4 
Calcium sulphate ...... 7 ‘ 0.6 1.5 0.9 1.4 
Chlorine (in excess) 0.6 1.5 


Russell regards the analysis made by E. Waller,3 of water, 
taken from Great Salt Lake in August, 1892, as the most com- 
plete and satisfactory that has been published. 

Analysis by E. Waller, expressed in grams in a liter : 


Specific gravity, 1.156. 


NaCl - 192.86 
K,50, - 8.75 
MgCl, 15.04 
CaSO, . 8.2 
Fe,O, and Al,O, 0.004 
Surplus SO, . 0.051 
Total - 230.333 


In these analyses the absence or the very small content of 
calcium, both as sulphate and carbonate, is remarkable. Analyses 
of the fresh waters tributary to the lake show that the lake could 
accumulate its total content of calcium in eighteen years, while 
the accumulation period for the chlorine would be 34,200 years.‘ 

‘Specific gravity in 

1850 Summer 1869 Aug. 1873 Aug. 1889 Aug. 1892 
1.17 1.11! 1.102 1.157 1.156 
Compilation by RusseLL, Lakes of North America, p. 81 
?U. S. Geological Survey, AZonographs, “ Lake Bonneville,” p. 254. 
3 School of Mines (Columbia College) Quarter/y, Vol. XIV (1892), p. 58. 


4U.S. Geological Survey, AMlonographs, “ Lake Bonneville,” p. 256. 
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Manifestly the lake is disposing. of the calcium as fast as it is 
received. Deposits of tufa occur on the old Bonneville, Inter- 
mediate, and Provo shore lines, on their weather faces, and a few 
feet below their crests. It is absent in sheltered bays and most 
abundant on points that were especially exposed to wave action. 
Calcareous odlitic sands are now forming along certain parts of 
the shore of Salt Lake “between the delta of the Jordan and 
Black Rock, where it constitutes the material of a beach, and is 
drifted shoreward in dunes.”* Of the three important fresh- 
water tributaries of Great Salt Lake, the water of Utah Lake is 
characterized by sulphate of lime, over 60 per cent. of the total 
solids held in solution by it consisting of this salt, while the 
waters of Bear River and City Creek are characterized by car- 
bonate of lime. The deposits of tufa and odlite alone may 
account for the absence of calcium carbonate from the water of 
the Great Salt Lake, yet it is possible that both the calcium car- 
bonate and sulphate are precipitated in the ordinary manner by 
evaporation. Yet the fact that the calcium carbonate is, at least 
in a measure, taken from the water by the aération due to wave 
action and deposited on the shores as tufa and odlite is interest- 
ing and, taken with other conditions, may account for deposits of 
pure gypsum from waters which contain a certain amount of lime 
carbonate. 

Basins which are in some degree connected with the ocean may 
next be considered. The Bessarabian coast of the Black Sea 
furnishes an example of salt deposits in bays slightly connected 
with the open sea and fed from the landward side by rivers. 
From the Danube to the Dnieper the rivers before emptying into 
the ocean expand into lakes which are separated from the sea by 
natural dams. Under ordinary circumstances the water flows 
into the sea through an opening in the dam, while during storms 
the water of the sea enters the lakes. Three of these lakes 
become partially dry every summer and deposit salt which in 
places amount to a layer a foot thick.’ This salt is used for 
commercial purposes. The calcium sulphate of the river water 
and of the sea water which is driven in during storms must also 
be deposited, but the quantity, being small, readily escapes notice. 


' Jhid., p. 169. 2 /bid., p. 207. > BISCHOF, of. ctt., Vol. I, p. 392. 
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Many writers on gypsum and salt have called attention to the 
fact that the Mediterranean Sea furnishes conditions which, if 
but slightly modified, would result in deposits of these substances." 
Although it receives the waters of many rivers, some of them of 
considerable size, evaporation takes place faster than inflow, and 
if no water entered through the Strait of Gibraltar, or if the 
supply entering were considerably reduced, much of the mineral 
matter held in solution would be deposited. A steady current 
pours in from the ocean, however, and the density necessary for 
precipitation is not reached. The bottom of the sea rises sharply 
near the Strait of Gibraltar, cutting off communication between 
the lower part of the sea and the ocean, but permitting a free 
interchange of water in the upper level. The depth at the strait 
is less than 200 fathoms, while the average depth of the Medi- 
terranean is 1,000 fathoms. The accompanying diagram roughly 


illustrates existing conditions: 


— 


The amount of salt in the water of the Atlantic is 3.6 per cent., 
while in the Mediterranean it is 3.9 per cent. The specific grav- 
ity of the water of the Atlantic off the Strait of Gibraltar is 1.026, 
while at the west end of the Mediterranean, near the surface, it 
is 1.028, increasing in the east end to 1.03. Ata depth of 300 
fathoms the density is considerably greater than at the surface. 
A current of water flows in constantly at the surface of the strait 
(Fig. 3, @). This water is concentrated by evaporation and 
sinks. The bottom below the line ¢ d has been previously filled 
by this dense water, and the water above this line is being con- 
stantly condensed and sinking causes a portion at the bottom 
water to flow out at cas a lower current into the ocean. The 
outlet at the strait isso free that the condensation does not reach 
the point which results in the deposition of lime, gypsum, or salt. 


' Geological Survey of Michigan, Vol. V (1881-¢3), Part Il, pp. 1-13; University 


Geological Survey of Kansas, Vol. 5, “Gypsum,” Introduction. 
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It is quite conceivable that the opening could be so restricted 
that the outflow would be greatly diminished and the density of 
1.05 to 1.13 which is necessary for the deposition of limestone 
be reached. If this were maintained for a long time and the 
outflow were enough to prevent further concentration, a thick 
bed of limestone without gypsum and salt would be formed. 
If the opening were still further restricted, gypsum would be 
precipitated and at length salt. In this case, however, the cal- 
cium carbonate in the inflowing sea water would be precipitated 
with the gypsum, unless converted into gypsum or a more soluble 
salt by reaction with other salts, or isolated during deposition, as 
is the case today in Great Salt Lake. The amount of the calcium 
carbonate (one-tenth as much as the gypsum), if present, would 
be easily recognized. If, instead of a small opening, the inland 
sea were shut off from the ocean by a low barrier, over which the 
sea water passed only in time of great storms, the deposits might 
be more varied. The water would be diluted at times so that 
precipitation of the more soluble salts would cease, and after a 
period of evaporation, if the amount of calcium carbonate in the 
newly added water were considerable, there would be a deposit 
of limestone succeeded by gypsum. A series of limestone and 
gypsum beds occurs in the northern peninsula of Michigan near 
St. Ignace. 

In applying ‘“‘inclosed sea”’ conditions like those now prevail- 
ing about Great Salt Lake to the Iowa gypsum, two questions 
arise. Was there a supply of gypsum in the rocks of the region 
subject to the solvent action of stream water sufficient to yield 
the existing deposit? If this question may be answered in the 
affirmative, do the deposits formed in inclosed seas structurally 
and chemically resemble those of Webster county? The Coal- 
Measure shales and sandstones, with here and there a limited 
area of St. Louis limestone, formed the land surface when the 
gypsum was deposited. There is a considerable amount of gyp- 
sum in all of these strata which appears frequently in large 
selenite crystals. Rivers flowing over this surface would carry a 


large percentage of gypsum in solution, provided the gypsum 


now contained in these strata was present at that time. It is 
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hardly probable that the gypsum of the Coal-Measure shales was 
formed at the time of their deposition, for the presence of great 
numbers of ferns indicate fresh water. A more probable origin 
lies in the action of water on pyrites, giving rise to ferrous sul- 
phate, which in turn changed part of the lime carbonate of the 
shales into gypsum. This may have taken place before the great 
gypsum deposit was made, and, if so, the gypsum dissolved out 
of the Coal Measure shales may have been sufficient to form it. 
The same waters which carried the gypsum would, however, carry 
much lime carbonate and mud, and it is difficult to conceive of 
fifteen feet of pure gypsum forming in an inclosed basin fed by 
streams. It is true that at the top in one or two localities thin 
layers of limestone, sandstone, or shale occur with thin layers 
of gypsum, but the presence of fifteen feet of gypsum containing 
only 1 per cent. of sand and clay practically precludes the pos- 
sibility of its origin in an inland basin fed by land streams. 
Turning to the “ Mediterranean hypothesis,” there are two 
apparent difficulties. In the series of deposits due to deposition 
on account of evaporation in such a basin, limestone would be 
the lowest member. If the amount of calcium carbonate in the 
waters tributary to the basin was small, limestone might not 
appear beneath the gypsum as a distinct formation, but, mixed 
with the finer impurities, would still be present as a notable cal- 
careous element in a clay or shale. The lowa gypsum overlies 
a fire clay, the analysis of which shows but a very limited amount 
of lime. Moreover, the lime carbonate in the inflowing water, 
after the density necessary for the deposition of gypsum had 
been reached in the basin, would, it would seem, be deposited 
with the gypsum. The phenomena observed about Great Salt 
Lake perhaps relieve us of these difficulties. As already stated, 
the water of the lake is almost free from calcium carbonate, 
while deposits of calcareous tufa and odlite have been and still 
are forming along the shores where water action is violent. 
This localizing of the calcium carbonate, if it were complete, 
would render possible deposits of pure gypsum like that of lowa, 
in which no calcium carbonate appears. Unfortunately, calcium 
carbonate due to precipitation from solution appears widely dis- 
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tributed in the marl of the old Bonneville bed, as well as along 
the shore.’ Still, the fact that calcium carbonate deposits were 
favored at the shores by the aération associated with wave action 
is particularly significant. Even more significant is the fact that 
near the streams which contribute to the lake the greatest amount 
of lime carbonate, the calcareous odlite already mentioned, accu- 
mulates as a shore deposit in considerable quantities. If in this 
or some similar way the lime carbonate was localized, the Medi- 
terranean hypothesis would appear satisfactory. 

The experiments of Thoulet, quoted by Bailey Willis,? seemed 
to show that carbonate of lime in the form of marble, shells, 
coral, and globigerina ooze are much less soluble in ocean water 
than in fresh water. If this is true, when river water enters a 
salt sea, conditions for unstable equilibrium of the bi-carbonate 
of lime might arise which would result in the formation, and 
probably the deposition, of the neutral carbonate, and the greater 
the salinity of the sea, the more prompt and complete would be 
the precipitation. In this way streams on entering a salt sea 
might precipitate all of their calcium carbonate near their mouths, 
while gypsum would be deposited on subsequent evaporation in 
more remote parts of the basin. Willis calls attention to the lime- 
stone deposited beyond the delta of the Rhone. He says :3 

This is referred to by Thoulet and described by Lyell who says: ‘In the 
Museum at Montpelier is a cannon taken up from the mouth of the river 
imbedded in crystalline calcareous rock. Large masses also are continually 
taken up of an arenaceous rock cemented by calcareous matter, including 
multitudes of broken shells of recent species.” Lyell attributes the precipi- 
tation of lime to the evaporation of the Rhone water, which, when it is spread 
upon the salt water, he compares to a lake. But this one cause is no doubt 
combined with the chemical and mechanical conditions which have been sug- 
gested in the preceding discussion. These conditions are favored at the mouth 
of the Rhone by the salinity of the Mediterranean and the absence of strong 
currents. 

The experiments of Cameron and Seidell* gave results which 
differ radically from those of Thoulet. These chemists found 

"U.S. Geology Survey, Monograph 2,“ Lake Bonneville,” p. 190. 

2JOURNAL OF GEOLOGY, Vol. I, p. 510. 3 Jbid., p. 516. 


4CAMERON AND SEIDELL, in Journal of Physical Chemistry, Vol. V1, No. 1, p. 52. 
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that a maximum solubility for calcium carbonate was reached in 
a solution holding 50 grams of sodium chloride per liter, when 
its solubility was 2.36 times greater than in water without sodium 
chloride, but in equilibrium with air. In view of these experi- 
ments, which were conducted with great care, the experiments 
of Thoulet and the conclusions based on them must be ques- 
tioned. 

It is possible also to assume that chemical reactions took 
place between the salts in solution, which resulted in the elimi- 
nation of this lime carbonate, by converting it either into gypsum 
or into a salt that is more soluble than gypsum, thus keeping it 
in solution until after the gypsum was deposited. It is well 
known that reactions between various salts contained in sea water 
may causes divergence from the series which results from evapo- 
ration alone. According to Usiglio, sea water deposits limestone 
abundantly when the density reaches 1.0506, and again at 1.1304. 
The last deposit he ascribes to the decomposition of sodium 
carbonate and gypsum with the formation of sodium sulphate 
and calcium carbonate.t Oschenius holds that sudden and well- 
marked deposits of gypsum may be caused by the addition of 
sodium or calcium chloride. 

The solubility of gypsum in a _ sodium-chloride solution 
increases with the strength of the solution, as shown in the fol- 


lowing table by Cameron :? 


NaCl anp CaSO, IN WATER AT 150° C. 


Grams NaCl per Liter Grams CaSO), per Liter 
0.6 2.3 
2.§ 
5.1 3.1 
10.6 
1.8 
51.4 5.6 
139.9 7-4 


So when the solution contains 140 grams of the NaCl per liter, 
the solubility of CaSO, is more than three times as great as in 
water without sodium chloride. In solutions containing less than 

‘HUBBARD, Geological Survey of Michigan, Vol. V, Part I, pp. 1-33. 


Journal of Physical Chemistry, Vol. V, No. 8, p. 559. 
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140 grams of NaCl per liter the solubility of gypsum is affected 
but slightly by changes of temperature. In a sodium-chloride 
solution the presence of calcium carbonate up to 8-10 per cent. 
is scarcely a factor in determining the amount of gypsum that 
will be dissolved." 

At low temperature in Salt Lake a double decomposition takes 
place between magnesium sulphate and sodium chloride, result- 
ing in the formation of sodium sulphate which is deposited and 
magnesium chloride which remains in solution.* 

All of the facts cited in regard to the solubility of gypsum 
and calcium carbonate in mixed solutions and double decom- 
positions probably have little bearing on chemical deposits from 
sea water, though they might be determining factors in the order 
of deposition in inland lakes. Assuming that the composition of 
sea water in the past did not differ greatly from that of the 
present, in the course of its evaporation there is little reason for 
supposing a departure from the normal order of precipitation 
found in all salt pans where sea water is used. If a marked 
difference in composition existed, however, it might become a 
prime factor in the problem. Given an excess of sulphates (such 
as Na,SO,); or an excess of calcium ions (as regards calcium 
carbonate) from calcium sulphate, and it may be found that the 
curves plotted to illustrate the solubility of calcium carbonate 
and calcium sulphate in mixed solutions, will cross each other in 
such a way as to allow the calcium sulphate (gypsum) to come 
down first. 

A change in the amount of atmospheric carbon dioxide, or a 
considerable change in temperature, might seriously change the 
order of deposition from that which now occurs when sea water 
is evaporated under ordinary conditions. A further study of 
these conditions during periods of great gypsum deposition may 
make clear the reason for vast deposits of gypsum due to evapo- 
ration of sea water which contain at the most only traces of 
calcium carbonate. 

The same line of reasoning which is used to explain great 


"CAMERON AND SEIDELL, in Journad of Physical Chemistry, Vol. V, No.9, p. 653. 


*RussELL, Lakes of North America, p.75. 
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deposits of gypsum may be applied to many limestones. Cal- 
cium carbonate in sea water is one-tenth as abundant as cal- 
cium sulphate, and for every twenty feet of gypsum two feet 
of limestone must be precipitated, unless the calcium carbonate 
is converted into some other substance. Since the density 
required to precipitate limestone is far below that required for 
deposition of gypsum, it is highly probable that in many shallow 
seas but slightly connected with the abyssmal ocean limestone 
was continuously and abundantly deposited. Such deposits must 
be more wide-spread than gypsum, for the same reasons that gyp- 
sum deposits must be more abundant than salt. While laying 
stress on this point, the fact probably remains that most of the 
limestone of the earth is of organic origin. 

While conditions like those now existing in the Mediterranean 
Sea, when somewhat intensified, may in the main be regarded as 
giving rise to gypsum deposits, this sea presents one peculiarity 
which could not have characterized many of the regions where 
gypsum occurs, Structural conditions indicate that most of the 
gypsum deposits were formed in arms of a shallow epi-conti- 
nental sea. The Mediterranean Sea with its average depth of 
1,000 fathoms is truly abyssmal. 

Although there may be some doubt as to the exact manner in 
which the calcium carbonate is removed from the brine during 
concentration, the fact that it is removed in some one or more of 
the ways suggested, or by some process not yet brought to light, 
may be assumed. This removes the only serious difficulty in 
conceiving of extensive and very pure deposits of gypsum form- 
ing in basins only slightly, yet continuously through long periods, 
connected with the ocean. The Mediterranean hypothesis, with 
the modifications pointed out, may be accepted as accounting for 
the lowa gypsum, as well as similar deposits in various periods 
of geological history. It must be admitted, however, that further 
chemical tnvestigations in regard to the reactions between salts 
in solution during the process of brine concentration must be 
undertaken before the problem can be regarded as fully solved. 
FRANK A, WILDER. 
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THE RECENT ERUPTIONS OF COLIMA. 


Tue Volcdn de Colima with the Nevado de Colima together 
form a magnificent mountain mass at the extremity of a branch 
of the Sierra Madre, known, at no great distance from the 
volcano, by the name Sierra de Tapalpa (Fig. 1). Colima lies in 
latitude 19° 30° 25" N., and longitude 4° 37’ 55" W. from 
Mexico. Its altitude is 3,960.90", while that of the Nevado is 
4,334.57". The two peaks are seven kilometers apart. The 
volcano is thirty-three kilometers from the city of Colima and 


twenty-five kilometers from Zapotlan. Both Volcdn and Nevado 
are in Canton g of the state of Jalisco, Mexico. 

From Zapotlan the volcano presents the form of an elegant 
cone with slopes of 45°; the Nevado, seen from there, appears 
upon the west flank of the cone and a little to the north ( Fig. 2). 
The volcano has long been active, and during the last century 
made notable eruptions in 1804, 1806, 1808-18, 1869, etc. 
(Fig. 3). 

The above description is condensed from a paper by Padre 
José Maria Arreola which was printed in the monthly bulletin 
of the Mexican meteorological observatory in 1896." In this 
article Father Arreola described the work of observation being 
conducted by himself at Colima and his colleague Castellanos at 
Zapotlan. Rarely has any volcano been subjected to such care- 
ful scrutiny and record as has Colima by these two devoted 
observers. Three times daily, from 1893 through a period of 
seven or eight years, the conditions of the volcano were care- 
fully recorded and sketches made, if there were any signs of 
activity. Precise terms were employed in description. Vapor 
was “dense” or “thin;” ‘‘dense,”” when emitted rapidly, as if in 
eruption, and in volutes; “thin,” when issuing slowly, con- 
tinuously, as if filtered out. For force, degrees from 0 to 10 
were recognized, running parallel with the verbal terms—“ little,” 


M. ARREOLA, “El Volcan. de Colima,” Boletin mensual del Observatorio 


meteoroligico central de Mexico, 1896, p. 10. 
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“regular,” “moderate,” “great,” and “maximum.”” Some of 
these records of observation have been published in the various 
issues of the bulletin already mentioned. It is greatly to be 
desired that the whole mass of them, together with the tri-daily 
sketches, might be published in one volume. During February 
and March of the present year (1903) the volcano has been 
notably active. Father Arreola, though no longer living within 
observation distance of the volcano, visited it during this time of 


Fic, 2. —Photographic view of Nevado and Colima, taken from the observatory 
of the Seminary of Zapotlan. The volcano lies to the southwest; the little Apaxte- 
petl is at the extreme left. The summit of the volcano is visible behind the crest of 
the Nevado. 
eruption and secured the records kept by others. He _ has 
printed a pamphlet, in Spanish, presenting the facts." As this 
pamphlet is practically inaccessible to students, | have translated 
so much of it as is descriptive, retaining the author’s arrange- 
ment and headings. Father Arreola has loaned the original photo- 
graphs and drawings for reproduction. 

FREDERICK STARR. 
BRIEF NOTICE OF THE OBSERVATIONS OF COLIMA, 

Passing over the history of the eruptions, which, for several 

years past, Colima has given—which is to be found elsewhere 


‘Las erupciones del volcan Colima en Febrero y Marzo del corriente ano. Gua- 


dalajara: Luis G. Gonzales, 1903; Svo, pp. 26; seven cuts. 
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it is my intention to summarize the condition of the volcano 
during the past eleven years. In a note entitled “ Datos de los 
temblores, erupciones, lluvias y otros fenomenos observados en 
Zapotian,” which I sent to the Central Observatory, and which 
was printed in its Soletin, in the year 1894, among other 
matters, | gave notice of a great eruption in the early days of 
March, 1892, which produced an abundant fall of dust, carried 
by a current of air from the southwest. No other notable 
eruption was observed during that year. In 1893, with the 
opening of the meteorological observatory of the Seminary of 
Zapotian, began systematic and continuous observation of all the 
manifestations of the volcano, reinforced, from the beginning of 
1896, by the similar labors of the observatory of the Seminary 
of Colima. 

Through the whole space of time since, the condition of the 
voleano and the character of all its manifestations have been 
noted, day by day. The records of the two stations form an 
inestimable treasure for science, which before could only deal 
with isolated data, which were often of uncertain character. By 
an examination of these records . .. . it is seen that Colima, 
during this period of eleven years, has been in a condition of 
constant, irregular, and feeble activity. 

Krom a study, presented by Severo Diaz, presbyter, at the 
Third National Meteorological Congress, in December last, we 
may summarize this period in the following statement : 

From 1893 to 1898 the volcano continuously emitted thin 
vapors, forming streaks, varying in direction with the wind, 
attaining a length of from forty to fifty kilometers, and losing 
themselves on the horizon. In the midst of this constant, but 
feeble, activity it was not rare to see, from week to week, an 
eruption—regular or moderate. 

From 1898 to 1899 this continuous activity was converted 
into eruptive emission; during this period about eight little 
eruptions were often observable in the space of two hours. 

Finally, from the end of 1899 to 1902, the continuous activity 
gave way completely to eruptive emission. During this period 


little eruptions were repeated at intervals of three or four hours; 


| 
| 
| 
| 


THE RECENT ERUPTIONS OF COLIMA 753 


during the intervals the volcano remained completely inactive. 
Through these years there were recorded some thousand little 
eruptions in each year; these at times produced light showers of 
fine sand in the vicinity of Zapotlan. 

Krom the beginning of the present year a notable diminution 
was observed in the eruptions; these no longer followed the 


periods determined in the previous years; the intervals of 


Fic. 3.— Photographic view of Colima from the Hacienda de San Marcos, March 
11, 1901. ‘The volcano lies to the west; the cone and the secondary cone being in 
the center; the Nevado at the right, and Monticules at the left. ~ 


inactivity were longer, apparently preluding the new period of 
great activity. 
RECORD OF THE OBSERVATIONS OF COLIMA DURING THE PERIOD 
OF GREAT ACTIVITY (1903). 

February 15.—At 3 A. M., from the Hacienda de Santa Cruz de Duque, a 

great eruption was observed, after which fire was seen upon the volcano. 
At 11 A.M. ashes fell at the same hacienda, probably proceeding from 

a second eruption. From Zapotlan there was no report, on account of rain, 
From Colima, at I P. M., a great eruption was seen. 

February 16.—I\nsignificant escape of vapor. 

February 17.—At 7:45 A.M.and 11:45 A. M., moderate eruptions, borne to 
the west and the southwest. During the rest of the day insignificant escape 


of vapor. 
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hebruary 7 \t 12:45 P.M. an explosion was heard from the volcano, 
and immediately a maximum eruption burst forth with great fore e, completely 
filling the crater and covering the slopes with its products; it continued for 
more than a half-hour, during which the west wind bore the gaseous and 
sandy products toward the villages of Tuxpan, Tecalitlan, ete. Another 
eruption followed. The hot stones and scoria, which were poured out in 
great quantity over all the slopes of the volcano, set tire to trees on various 
parts of the summit of the mountain. .... The great quantity of matter 
thrown out in these eruptions, and in those of the 21st and 24th, was almost 
wholly material which had been accumulated gradually, above the crater, 
during its time of slight activity, as may be shown by a comparison of photo 
yraphs taken before and after the events. Once the crater was disem- 
barrassed, no such abundant outflows were recorded, from which it may be 
inferred at least in the present period — that there is no risk of a greater 
invasion of score, 

February 10 \t 6:15 and at to A. M., moderate eruptions. At 12:15 
and at 1:30 P. M,, little eruptions, all drifted by strong west winds, 

February 20,--\nactivity all day. 

/. \t g:30 A.M., regular eruption, At 12:15 a heavy 
detonation was heard whith threw the air into commotion, even shattering 
the walls of houses. . ... The noise had been heard for some seconds, 
when a great eruption broke forth, the colossal proportions of which could 


not be fully appreciated on account of the products being violently swept by 


the west wind to the east of the volcano, The rain of sand over this region 
was distinctly visible from Zapotlan At 3:30 P. M. there was another great 
eruption, Its products were drifted by the west wind into the state of 


Guanajuato, 


February 22 and 23.—I\nsignificant issue of vapor, carried by the west 
wind 

February 24 \t 3: 15 P.M., a great eruption, with characters similar to 
those of the 21st. The products were promptly distributed to the east, sand 


raining over Tonila;: in their descent, however, they were drifted by the lower 
air-current fromthe south, so that the sands were carried to Zapotiltic, Zapotlan, 
Savula, Guadalajara, ete. The rain of tine sand —commonly called ashes 
began at Zapotlan, at 4 P.M., and was so heavy that persons could not be 
distinguished ata distance of fifty meters. The fall lasted more than two 
hours, forming a sheet one millimeter in thickness. On this day, by telescopic 
observation of the volcano, a change in form of the upper part of the crater 
was noticed, ‘The sands which fell in Tonila were as coarse as common sand, 
those falling in Zapotiltic were finer, those of Zapotlan and Sayula were like 
ashes, and so decreasingly with increasing distance. .... At about 7 P.M. 
was observed a little overtlow of glowing scona. A great eruption was 
reported flor M. 

February 25. -At4 A.M. there was a great eruption, preceded by a report. 
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At dawn the volcano was wrapped in a cloud of its own erupting. During the 
rest of the day there was a constant emission of thin vapor, which sallied as 
if filtered through the west side of the crater. 

February 26.——Until 3 P.M., enveloped in cumulus clouds; after that 
hour, inactive. There must have been an eruption during the night, since at 
dawn the summit of the .Vevado was covered with sand. 

February 27 and 28,— Almost inactive. 

March 1.-—Completely inactive. 

March 2,-—At 6:50 P.M., a maximum eruption, less, however, than those 
of the 18th, 21st, and 24th past; It was so spread by the southwest winds 
that at 8 Pp. M. it reached the opposite horizon. After this eruption, grains of 
porphyritic stone rained down upon the fields situated at twenty kilometers 
southeast of the volcano. Of these grains | collected in Piaya and in Pla- 
tanar some of the size of grains of corn, At places nearer the volcano stones 
fell. From the ranch of Cauzentla, one of the nearest to the volcano, three 
were found weighing one hundred and thirty-six, thirty-four, and thirteen 
grams — the two larger being of the same nature as the grains of Piaya and 
the sands of other localities. The nature of these pebbles, of the grains, and 
of the sands gives reason to believe that all are derived from the rocks con- 
stituting the cone, broken and reduced by heat and the force of projection. 
he fine dust, commonly called ashes, which exists in great quantity over the 
flanks of the volcano and which is also distributed by the eruptions, 1s of 
pumiceous nature and proceeds from the solid and broken lavas of the inte- 
rior of the crater. 

March 3.— At dawn Mr. Diaz observed with the telescope a new change 
in the form of the crater... . . From this alteration it appeared that the 
crater, which had become almost completely clogged during the period of 
little activity (Fig. 4), had been thoroughly opened (Fig. 5). Little columns 
of vapor were seen ascending from the bottom of the crater. During the 
middle part of the day the volcano was covered with atmospheric clouds. At 
5:45 P.M. there was a great eruption, almost maximum, as the air was 
calm, the vertical cloud could be long observed. The cloud was driven by a 
high current from the southeast, until, at 9 P. M., ittouched the northwest side 
of the horizon of the valley of Zapotlan. 

March g.— At OP.M., a great eruption, driven by the southwest wind, 
until it promptly disappeared. This eruption produced an overflow of scoria 
on the eastern flanks. 

March 5. At 10:45 A.M., a great, almost maximum, eruption, borne 
toward the east. 

March 6.— \nsignificant emissions. 

March 7.— At 7:10 A.M., a maximum eruption, preceded by an explo- 
sion (Fig. 6). A great eruption at 8:20 and another at 8:45 A.M. All of 
these drifted to the east. During the rest of the day there were moderate 


eruptions, some of which lasted several minutes. 
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Fic. 4. — Cone of the volcano Colima as seen in December, 1902. 


aid of a telescope at the observatory of the Seminary of Zapotlan. 
behind the crest of the Nevado. 


Drawn with the 


The crater rises 


Fic. 5. Crater of the volcano Colima after the eruption of March 2, 1903. 
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Fic. 6 lhe volcano Colima in eruption, March 7, 1903, at 7:10 A.M., as seen 


from Colima, the volcano lying to the north. (R. R. Rivera.) 
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March 8.— Almost inactive. 

March g.— At dawn completely inactive. During the day there were 
seven little eruptions atg:18 and 11 A.M., and 12:24, 1: 20, I: 40, 2:20, 
and 2:47 p.M. During the intervals there was complete inactivity. At 
7:45 P.M., preceded by a heavy rumbling, there was an eruption, during 
which there was an abundance of fire and flashes, through the mass. There 
was a moon, and its white rays, reflected upon the edges, gave the cloud clean 
and immaculate outlines with which the black and red tones at the center 


sharply contrasted. The spectacle was indescribably beautiful. The cloud 


Fic. 7. — Crater of Colima after the eruption of March 10, 1903. 


directed itself to the northeast, over the city of Zapotlan; the vapor mass 
had already passed the zenith of that city when, with an almost clear sky, 
there began a rain of coarse sand, the fall of which made a sound like the 
pattering of an ordinary rain. Of this sand two hundred and fifty grams 
were collected to an area of a square meter, on an average. In some parts 
of the city pieces of stone, up to the size of a grain of barley, were collected. 
rhis fall began at 8 p. M., and lasted ahout an hour, 

March 1o,—Little clouds were observed at 6:15, 7:05, 7:27, 9:34, 
and 10:47 A.M. Ati Pp. M., a maximum eruption, borne by the southwest 
wind toward the valley of Zapotlan, where some coarse sand fell — and, later, 
very fine sand like that of February 24, The quantity collected this time 
averaged about one hundred and seventy-five grams to the square meter, and 
the fall lasted some twenty minutes. At this time the crater suffered an 
alteration of form on the west border (Fig. 7); presenting thereafter on all 


sides an irregular border, with projecting points, in the form of a crown. 
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Srupersin dal 24 be Marae 1908, 19.55 


Fic. 8.—-Colima in eruption on March 24, 1903, at 12:55 l'. M., as seen from 
Colima, the volcano lying to the north. (R. R. Rivera.) 
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March 11, 12, and 13.— A\most inactive. 
March 14. — At 1 A.M., a great eruption, with fire in the cloud and over- 


flow of glowing scoriw on the flanks, It produced a rain of fine sand to the 
east, in Tonila, and to the southwest in the Hacienda de San Antonio, esti 
mated, at the latter place, at ten grams to the square meter. Inactive the 
rest of the day. 

March 15-2}. Almost inactive. 

March 24.— At 1:55 ?.M., @ maximum eruption, in six impulses, dur- 
ing the period of thirty-five minutes (Fig. 8). At the beginning frequent 
rumblings were heard, during some five or six minutes. The cloud directed 
itself east-northeast ; and produced a rain of coarse sand in Tuxpan, Teca- 
litlan, ete. 

March 25-31. Almost inactive. 


CONCLUSIONS. 


1. The volcano of Colima has been from time immemorial an 
active volcano, the eruptions of which gain force, in some periods, 
until they assume a violent character, 

2. The intervals between the periods of great activity, and 
the duration of these periods, are irregular .... 

3. The characters of all the violent eruptions recorded in his- 
tory are similar to those of the present time. The only notable 
incident is the appearance of a secondary crater, to the north- 
west of the principal, at the beginning of the 1869 period, which 
functioned until 1872. 

j. From the examination of the flanks of the volcano and 
from recent superficial observations, it is inferred that the volcano 
has never thrown out lavas. All that lies upon the constituent 
rock mass of the cone, and all lately ejected, are fragmentary 
material——pebbles and sands of various grades of fineness, some 
with marks of having been exposed to heat and to the emana- 
tions from the crater. It appears, then, that they do not pro- 
ceed from the internal reservoir. 

5. The reason that this volcano has never belched forth lava is 
that its impulsive force has never been sufficient to overcome the 
height— 3,960 meters above sea level. The lava rises to a level 
lower than this in the crater, and only the hot scori, floating 
upon its surface, overflow. 

6. The heavier products erupted fall upon the higher slopes 


THE RECENT ERUPTIONS OF COLIMA 701 


of the volcano, no more than four or five kilometers from the 
crater, where they do no harm. The pebbles and the sands, 
which have rained upon the low and populated districts, have 
caused no damage to persons or to cultivated fields. 

7. The existence of so/fataras in this volcano has not been 
proved; sulphur probably forms no part of its emanations. 

8. The scoriz# and sands which issue from the crater are 
stopped in their course by the darrancas (gorges) which exist 
about half-way up the cone; these darrancas, existing on all sides 
and at various altitudes, serve as receptacles and protectors. If 
the higher ones are filled up, the lower ones receive the dis- 
charge. As the material is uncompacted, it is easily removed 
and the darrancas are cleared by the later rains. 

g. As there are no signs that the eruptive power of Colima is 
augmenting, the inhabitants of the neighboring country may live 
tranquil. .... 

10. The most violent eruptions have agitated the air suffi- 
ciently to produce loud explosions, but have not caused earth- 


quakes. 


Jost Maria ARREOLA. 


| 
4 
a 


THE DIVERSITY OF THE GLACIAL PERIOD ON LONG 
ISLAND." 


As POINTED out by Professor Shaler some years ago, the 
region between, and including, northern New Jersey and Cape 
Cod is admirably situated for the preservation of the records of 
the glacial period.?, The work of Woodworth on the New Eng- 
land islands has brought forth the complexity of the glacial rec- 
ords there, and the results of the last field season on Long Island 
and Gardiners Island have connected this work with that of Salis- 
bury in New Jersy and given a basis for a tentative correlation 
with the deposits of the Mississippi valley. 


GARDINERS ISLAND. 


Gardiners Island, situated between the two eastern flukes of 
Long Island, presents many of the features shown on Nantucket, 
Marthas Vineyard, and Block Island. The succession is essen- 
tially the same and the correlation evident. It therefore forms 
a ready point of reference between Long Island, on the one hand, 
and the New England islands, on the other. 

The structure of the island can best be worked out on the 
northeast shore, where the bluffs are quite high and are kept 
clean by the constant encroachment of the sea. Here the suc- 
cession of strata is: 

4. Gravelly till (Wisconsin). 

3. Interglacial clays and fossiliferous sands. 


. Glacial gravel and bowlders. 
1. Black lignitic clay and white and gray to red sand (Cretaceous). 


The first three beds are very much folded and the last one 
deposited irregularly on their eroded folds (Figs. 1 and 2). 

1. Cretaceous.—The older beds appear only in a few places 
where they have been brought up by folding. They are com- 
monly black to dark gray clays and very fine sands with consid- 


* Published by permission of the director of the United States Geological Survey. 


*U. S. Geological Survey, Seventeenth Annual Report (1896), Part I, p. 957. 
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erable pyrite and muscovite. They were seen in four places on 
the northeast shore, and their presence was inferred in as many 
more by the large springs which occur along the line of parting 
between this formation and the gravels above. On the east shore 
the dark-colored older beds were seen at one place in the bluff 


Fic. 1.— Section near middle of northeast shore of Gardiners Island, N. Y. (0) 
black Cretaceous clay; (1) fine gray micaceous sand (Cretaceous); (2) old glacial 
gravel; (3) red clay; (4) laminated yellowish-gray silty sand; (5) Wisconsin glacial 


deposits. Height of section, 60 feet. 


at the southern end of Tobacco Lot Bay, here likewise asso- 
ciated with a fold. The white clayey sands, which characterize 
the Cretaceous on Long Island, were seen in one place in the 
bluff on Bostwick Bay. They show here in a small overturned 


| Fic. 2.— Section on west side of the hollow which afforded the figure in sec. 1. 
About 200 feet farther west. ‘The figures indicate the same beds as in Fig. 1. 


fold. These beds, in the absence of definite proof of age, are 
regarded as probably Cretaceous, and are so correlated. 

2. Old glacial gravel.—Overlying the older beds, and involved 
in the same folds with them, are reddish glacial sand and gravel 
which, where best exposed, have a thickness of 10 to 15 feet. 
These beds are for the most part composed of iron-stained 
quartz, very much disintegrated and in sharp angular pieces. 
Intermingled with these are many pebbles and bowlders of mica 
schist, hornblende granite, and granitite, some weighing several 
thousand pounds. The larger of these compound rocks, while 
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very much stained with iron, and covered with a coating of 
pebble-conglomerate, which renders their composition unrecog- 
nizable, are not greatly decayed; the smaller ones show very 
great weathering. When not masked by recent deposits, the 
lithological character of this bed is quite distinctive. 

3. Red clays and associated beds ( Sankaty\).— The red clay bed 
which overlies this gravel is perhaps the most easily recognized 
and persistent bed on the island. After its stratigraphic position 
has been definitely fixed in a number of exposures, it becomes a 
key bed to the whole series. It isa very finely laminated red clay, 


with occasional sand partings, especially in its upper portion, 


le of Gardiners Island, N.Y. (1) Cre- 


fossil bed with bowlders. 


des into a fine gray to yellowish-gray silty sand. 
The red clay has a thickness of about 15 feet. Overlying the 


red clays are very finely laminated gray and yellowish-gray silty 


sands, which, although somewhat eroded on the north shore, are 
still 15 feet thick. On the east shore, at Tobacco Point, they 
ipparently grade upward into a peculiar mixture of sandy clay 
ind fossiliferous sands with lens-shaped masses of glacial peb- 
bles in their upper portions. These lenses of glacial gravel are 
perhaps to be accounted for by floating ice from the approaching 
yvlacier which turbed these beds. The fossiliferous beds are 
clear trativraphically above the red clay, and are involved in 
ume fold | 

Yon ' tion of fossils from the outcrop on Tobacco Lot 
Bay, and from another near the western point of the island, have 
ce! entil 1 DY W in Dall as follows: 

G 
‘ 


I 3.— Section at Tobacco Point, east si 
tace ; (2 glacial gravel; (3) red clay; 
Crenelia arca 
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Tobacco Lot Bay: 

Chrysodomus decemcostatus, Say. 
C. pygmaeus, Gould. 

Natica (Lunatia) heros, Say. 
Astarte elliptica, Brown. 

Pecten magellanicus, Gmelin. 
Cyprina islandica, Gmelin. 
Thracia conradi, Coutony. 

Dr. Dall remarks: ‘The material appears to be practically 
identical from both localities, and to represent the fauna now 
existing in the gulf of Maine or on the coast north of Cape Cod, 
a little colder water being indicated than is now found south of 
the cape.” Smith" and Merrill? have both published lists of fos- 
sils which they collected at the Tobacco Lot Bay locality. 

These beds present all the characteristics described by Wood- 
worth in the Sankaty beds farther east, and, as already indicated 
by him, are to be so correlated. 

Folding and erosion of Sankaty beds.—- Considerable time will 
be required to completely work out the very complex system of 
folds developed on this island, but the following points regard- 
ing them are of interest. Involving as they do, preglacial, 
glacial, and interglacial deposits, they are clearly of Pleistocene 
age, and their irregularity is strongly suggestive of a glacial 
origin. Near the center of the northeast shore a series of four 
folds was worked out whose axis is north 20° west. A little 
farther east, near Eastern Plain Point, there are three or four 
sharp, partially overturned tolds, whose axes are almost due 
east and west. 

Manhasset deposits.-— A\though the similarity of the Manhasset 
to the Tisbury beds* would lead us to expect them to appear on 
Gardiners Island on the top of the eroded tolds of the olde 

'SANDERSON Situ, “ Notes of a Post-Pliocene Deposit on Gardiners Island 
Suffolk County, New York,” Annals of the New Vork Lyceum of Natural History, 
Vol. VEIL (1807), pp. 150, 151. 

Merritt, “On the Geology of Long Island,” dan 
York Academy of Sctence, Vol. UL (1880), pp. 354. 355 


1, Woopwor tit, Aeport (18906), | S. Geolowical Survey, 


art I, Pp 976 


*/bid., p.977 


| 


766 A. C. VEATCH 

beds, they have not as yet been definitely recognized, but cer- 
tain thick beds of stratified gravels, whose position could not be 
satisfactorily determined in the short time that was spent on 
this island, may prove to be its equivalent. The fact that beds 
of Manhasset age have been recognized by Mr. M. L. Fuller on 
Montauk Point and Shelter Island greatly strengthens this sup- 
position. On Shelter Island the beds are, moreover, known to 
be underlain by fossiliferous clay. 

4. Wisconsin deposits.— The whole surface of the island is 
covered with recent morainal deposits. These have so masked 
the older topography that it is quite morainic in character, 
though the major topographic features are doubtless due to the 
distorted older deposits. Where seen in clean sections they are 
sharply nonconformable to the older deposits. They differ very 
little from the normal deposits of the same period on Long 
Island, and have a maximum thickness of about 50 feet. 


LONG ISLAND. 


For the purpose of this discussion the geologic succession on 
Long Island may be stated as follows: 

Pre- Pleistocene. 

Pleistocene. 

Pensauken (glacial). 
Jameco (glacial). 
Sankaty (interglacial). 
Manhasset (glacial). 
Wisconsin. 
Ronkonkona moraine.' 
Harborhill moraine. 

Pre-Pleistocene.--The pre-Pleistocene formations concern us 
mainly in that they form the surface on which the Pleistocene 
beds were deposited. On the western part of the island, about 
Astoria and Long Island City, on the East River, the crystalline 
rocks out-crop. Eastward and southward they occur at increas- 
ing depths beneath the unconsolidated beds. Such boring rec- 
ords as have been collected in this part of the island indicate a 
very irregular rock surface sloping southeastward at an average 


* Name proposed by Mr. L. Fuller in manuscript discussion. 
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rate of about 100 feet per mile. These records are not numerous 
enough to do more than indicate roughly the general position of 
the rock surface (Fig. 4), and the extreme irregularity of the 
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Fic. 4. — Sketch map showing the approximate position of the surface of the 7 re- 


Pleistocene formations on Long Island and vicinity. 


rock surface in New York city, where enough records have been 
collected by Mr. W. H. Hobbs to make its detailed mapping 
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possible, leads us to believe that a like number of records on 
Long Island would show a like irregularity. 

The pre-Pleistocene unconsolidated beds, represented by sands, 
gravels, and clay, for the most part Cretaceous, outcrop at many 
points on the north shore and in the West and Half Hollow 
Hills. Well sections show that they are present at no great 
depth under the glacial material in the highest part of the 
island, and they are now known to form a core about and over 
which the Pleistocene beds have been deposited. Although 
involved in sharp folds in many of the bluffs on the north shore, 
this folding does not appear to extend to any great depth, and 
the beds in the higher hills are essentially erosion remnants with 
a small coating of glacial material. On the north shore, between 
Peacock Point and Lloyds Neck, a number of wells, having a 
depth ranging from 200 to 500 feet, show a very regular dip of 
about 65 feet per mile S. 20° E., which contrasts markedly with 
the crumpled condition of the beds at the surface above them. 

The preliminary map (Fig. 4), showing the approximate 
surface of the pre-Pleistocene unconsolidated beds, as far as 
they are known from well sections and outcrops, emphasizes two 
points: (1) the presence of a deep valley passing beneath 
Jamaica and Jamaica Bay, with a maximum depth exceeding 280 
feet below present sea level, which seems to be the logical con- 
tinuation of the deep channel shown by the soundings of the 
Coast and Geodetic Survey off New York harbor; and (2) the 
fact that the older deposits form the greater part of the highest 
points on the island. 

All these beds, so far as known, are Cretaceous, with the 
exception of a thin bed of “fluffy sand’ in the top of the West 
Hill section, which Mr. G. N. Knapp has referred to the Miocene 
because of its lithological resemblance to some of the near-by 
New Jersey beds. 

Pensauken.—The oldest of the Pleistocene deposits on Long 
Island are coarse yellow quartz gravels, which contain a few very 
much weathered compound crystalline pebbles and cobbles. 
They are found capping West Hills and underlying the Wiscon- 
sin moraine in the Wheatley Hills at no great depth. In the 
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West Hills they have a thickness of over 35 feet, and reach an 
altitude of over 325 feet above sea level. These beds are sharply 
different from the underlying Cretaceous, and are lithologically 
identical with the Pensauken of New Jersey. Mr. G. N. Knapp, 
who has spent much time on the Pensauken of that state, has 
examined the West Hills beds and believes them Pensauken, 
notwithstanding their rather considerable altitude... Mr. Fuller 
reports an additional locality on Lloyd’s Neck which may belong 
to these beds. Here the percentage of erratic material is con- 
siderably greater, but the state of decay is much the same. 

Post-Pensauken erosion interval.—The amount of erosion which 
belongs to the high-leve! interval which followed the deposition 
of this gravel is difficult to determine, but the fact that all the 
wells that have penetrated the Jameco gravels in the Jamaica- 
Jamaica Bay valley pass into the Cretaceous without any inter- 
vening yellow gravel bed suggests that a portion of the erosion 
of this valley belongs to this interval. 

Jameco gravels.—The borings of the Brooklyn water works and 
of private parties in the old Jamaica-Jamaica Bay valley have 
revealed beds of multicolored gravels beneath beds of blue clay. 
These gravel beds contain only 10 to 20 per cent. of quartz, the 
remainder being dark-colored shale, red sandstone, trap, granite, 
and gneiss. The material in these beds varies in size from fine sand 
to small cobbles. The samples preserved by the Brooklyn water 
works contain much more erratic material than is generally found 
in the recent moraine. In the first sample tube* examined it was 
believed that some careless clerk had accidentally inverted it, 
the upper part of the tube showing yellow gravel, with only a 
few erratic pebbles, and the lower part, below a thick bed of dark 
lignitic clay, dark multicolored, highly erratic sands and grav- 
els. The section seemed more correct when reversed, but, as 
sample after sample was examined, this idea proved incorrect. 
Records and samples collected the past summer from many wells 


‘Though I have not seen the beds at this locality, | am disposed to doubt their 
correlation with the Pensauken of New Jersey, unless, indeed, they are the glacial 
equivalent of the aqueo-glacial Pensauken of New Jersey.—R. D. S. 


?Samples of the Brooklyn water works are preserved in glass tubes, a miniature 


reproduction of the strata being attempted. 
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in the same region have fully confirmed the conclusions from 
the samples of the Brooklyn water works’ test borings. The 
gravels have a maximum thickness of more than 100 feet near 
the axis of the old valley, but thin out rapidly in passing east- 
ward, the last wells in which they are known to occur being at 
Barnums Island and Long Beach. Farther east, the south shore, 
protected as it was by the Cretaceous upland, received none of 
these glacial gravels, but still farther east they again appear at 
Riverhead, here likewise overlain by clay beds. The local name 
proposed for these beds is from the Jameco pumping station of 
the Brooklyn water works, which is a few miles south of Jamaica, 
New York. It was here that borings first revealed these beds. 

Blue clay (Sankaty).—Overlying these gravels on the south 
shore are dark-colored clays, having a normal thickness of about 
50 feet, and containing considerable lignite and occasional frag- 
ments of shells. These beds were laid down as a marginal coast 
deposit around the nucleus of older material when the land stood 
about 50 feet higher than today. On the north shore, where 
erosion has been more active, these beds exist, at present, only 
as remnants, associated with somewhat similar Cretaceous clays, 
and, except where brought up by folding, always below sea level. 
Their differentiation in well sections and small outcrops is, 
therefore, neither satisfactory nor certain. In no place on the 
north shore have sections been seen in which this clay bed and 
the older gravel are clearly shown—a result not to be won- 
dered at when the fragmentary and folded character of these 
exposures is considered. In the southernmost of the sand pits, 
just northeast of Plum Point, near Port Washington, beds of 
laminated gray clay of probable Pleistocene age are exposed 
in slightly overturned folds. These may be of the Sankaty 
age. 

The greatest thickness of this clay in the Brooklyn water 
works test borings, 150 feet, is believed to be greater than the 
true thickness of the deposits of this period. The clay bed is 
perhaps divisible, the portion below a more or less well-defined 
sand and fine gravel bed, which separates the section when the 
clay is of considerable thickness, belonging to the last outwash 
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from the glacier which deposited the Jameco gravels. These 
greater thicknesses in the clay are generally associated with 
more or less well-defined valleys in the older gravels (see wells 
5, 8, and 18 in Fig. 5), and the wood in the lower portion is 
rounded, or waterworn in distinction from the compound pieces 
of lignite found in the upper portion, indicating the true swamp 
character of the latter deposits. This would leave a thickness 
of about 50 feet definitely assignable to the Sankaty period in 
western Long Island—a thickness which is very similar to that 
found on Gardiner’s Island. 

Merrill reports the clays at the brickyard west of Greenport 
very much folded, and they, as well as the clays of Robbins 
Island, may belong to this age. Similar concretionary clays are 
found in the high hills between Bridgehampton and Sag Harbor, 
often very near the surface, and sometimes reaching a height of 
over 100 feet above sea level—a height doubtless due to fold- 
ing similar to that shown on Gardiners Island. 

The similarity of the stratigraphic position of these beds on 
Long Island, Gardiners Island, Marthas Vineyard, and Nantucket 
leaves no doubt of their equivalence to the Sankaty of Wood- 
worth. 

Gayhead interval.— There is nothing on Long Island which 
can clearly be referred to this interval except by inference. 
While there are many cases of folding on the north shore, the 
time of the folding is not so clearly fixed as in the small islands 
to the eastward. Still we feel, from the great similarity of the 
Pleistocene succession in each case, an assumption that the 
major folding took place at the same time is not unfounded. 
The main folding on the north shore occurred before the deposi- 
tion of the typical Manhasset (Tisbury), as is the case in the 
New England islands. Some slight folding has doubtless 
occurred since that time, but it is of small consequence when 
compared with the older. 

Manhasset—Thée Manhasset of Woodworth" consists of a 
series of yeilow quartz sand and gravel, with an intercalated 


bowlder bed, and on the north shore lies horizontally on the 


t], B. WoopwortH, Bulletin of New Vork State Museum, No. 48, 1901, Plate IL. 
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truncated folds of the older beds. It differs from the older 
Jameco in the small amount of erratic material it contains, and 
from the still older Pensauken in the very slight weathering of 
the compound pebbles. On the north shore Woodworth has 
shown that it was deposited as a very level plateau-like plain, 
reaching a height of over 200 feet. Mr. M. L. Fuller has now 
proved that it underlies the moraine and occurs south of the 
moraine in the Half Hollow Hills and the southern end of the 
West Hills. It is known to underlie the Wisconsin outwash in 
the plain to the south at an inconsiderable depth and to occur at 
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Fic. 5.—Section along the line a4 of Fig. 4, showing portions of (1) Wisconsin; 
(2) Manhasset; (3) Sankaty; (4) Jameco; (5) Cretaceous beds, and east side of old 


valley. Numbers refer to the Brooklyn water-works test wells. 


Far Rockaway. It is in this region that its position is definitely 
fixed between the Sankaty and Wisconsin (see Fig. 5). 

This formation seems to represent waterlaid material when 
the ice was at no very great distance to the northward. The 
greater part of it is regarded as the equivalent of the Tisbury of 
Woodworth for the following reasons: (1) deposition between 
the Sankaty and Wisconsin; (2) deposition after the main 
folding of the older beds; (3) marked nonconformity between 
it and the overlying Wisconsin; (4) similarity of formation; (5) 
similarity of elevation. 

A portion of the folded Manhasset of Woodworth may be 
referable to the Jameco, but the evidence is not sufficiently 
clear at present to warrant such a reference. 

The Vineyard interval— As in the New England islands, the 
Manhasset is separated from the Wisconsin by a period of uplift 
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and subaérial erosion of very considerable 
extent. The land probably stood some- 
what higher than at present. Much ero- 
sion occurred on the north shore, but it is 
hardly believed that the whole of the ero- 
sion of the deep re-entrant valleys can be 
referred to this period. 

Wisconsin.—This period is represented 
on Long Island by two sharply defined 
terminal moraines and the accompanying 
ground moraines and outwash plains. The 
two terminal moraines exhibit some little 
shifting of the ice lobes, the younger one, 
as pointed out by Woodworth,’ crossing the 
older one near Lake Success. This is quite 
in accordance with the dual character of 
the Wisconsin worked out by Leverett? in 
Ohio with its shifting of the ice lobes. 

RESUME AND CONCLUSIONS. 

Having presented briefly such facts as 
have immediate bearing on the question in 
hand, the following résumé and statement 
of conclusions is pertinent. In this the 
several epochs are treated in ascending 
order, beginning with the oldest, the scheme 
of classification shown on p. 766 being fol- 
lowed : 

1. The Pensauken has not been recog- 
nized on the New England islands, but its 
outcrop on Long Island near the Jameco 
gravels makes it possible definitely to refer 
the “first glacial” of Woodworth to a stage 
younger than the main body of the extra- 

‘ Loc. cit., p. 642. 


7FRANK LEVERETT, Monograth U. S. Geological 
Survey, Vol. XLI (1902), pp. 41, 352, 353- 
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morainic drift in New Jersey. The deposition of the Pensauken 
on Long Island indicates submergence of something over 300 
feet. 

2. In the erosion interval which followed the land stood 
higher than at present, the absence of Pensauken gravel in the 
old western Long Island valley indicating that the elevation was 
something over 250 feet above the present sea level. 

3. Following this crosion, the Jameco gravels were laid down 
in this old valley. These gravels are essentially continuous from 
the New England isiands through Long Island possibly to 
eastern New Jersey. The ice seems to have about reached the 
northern part of Long Island and the Jameco gravels to be an 
outwash from the ice in this position. The very large bowlders 
at Gardiners Island and at Gayhead indicate that the ice was 
not far distant at these points. 

4. Regarding the relative position of the land during the 
deposition of the following Sankaty beds we have evidence only 
in western Lony Island, the folding in the other islands prevent- 
ing any conclusions. On Long Island the land stood 50 feet 
higher than today, and these beds were laid down as marginal 
coastal deposits about the older island-like nucleus. The 
climate, as indicated by the fossils, was not much different from 
that existing now, and a long period of deglaciation seems indi- 
cated. 

5. All the evidence which has thus far been collected regard- 
ing the greatly contorted folds which involve all the beds 
between and including the Cretaceous and Sankaty, points 
strongly to a glacial origin. No evidence of the ice advance 
besides the folding exists other than the glacial gravels which 
oceur associated with the fossil bed on Gardiners Island and 
sugyest an approach of the ice. The fact that no glacial deposits 
have been recognized on the mainland which correspond in age 
to this folding can hardly be regarded as proving that such an 
advance did not occur. Other ice advances clearly shown on 
the island have not been recognized on the mainland, the older 
deposits apparently having become so involved in those of the 


more recent advances as to make the exact time of their deposi- 
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tion uncertain. Separated as this is from the preceding glacial 
epoch by heavy beds of clay and fossiliferous sands, and from 
that following by marked erosion, this period seems to deserve 
the rank of an epoch. 

6. The exact nature of the erosion in the interval between 
the folding and the deposition of the Tisbury beds is difficult to 
determine. That suggested by the outcrops is a decapitation of 
the folds by wave action, the land standing somewhat lower 
than today. The nonconformity shown is very marked and 
forms a ready plane of reference. 

7. The Tisbury or Manhasset beds represent glacial outwash 
when the land stood at least 200 feet lower on Long Island, and 
140 feet lower on Marthas Vineyard, than it does today, and the 
bowlders in the Marthas Vineyard and the bowlder beds in the 
long Island deposits perhaps represent the deposits of floating 
ice. 

8. In the Vineyard interval, which separated the Tisbury from 
the Wisconsin, there was widespread erosion; the land stood 
somewhat higher than today, and the surface of the preceding 
deposits was greatly trenched by stream erosion. 

g. In the last ice advance the change in the shape of the ice 
lobes, shown by the crossing of the two outer Wisconsin 
moraines, suggests the twofold division of the Wisconsin found 
by Leveret in Ohio. 

CORRELATIONS. 

The correlation of the Pleistocene succession here shown with 
that in the Mississippi valley is necessarily more or less tentative, 
but cerain points are worthy of note: (1) the number of glacial 
epochs is in each case the same, and (2) the correlation of the 
Pensauken and extra-morainic drift of New Jersey with the pre- 
Kansan, or sub-Aftonian, which will follow if these glacial 
epochs in each case are to be regarded as synonymous, is sup- 
ported by a growing feeling among Pleistocene geologists that 
the old extra-moranic drift of New Jersey is rather older than 
the Kansan; hence the growing tendency to say Kansan or pre- 
Kansan in speaking of these deposits. These results are remark- 


ably in accord with this idea, and if the oldest and youngest 
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beds of the series are equivalent and there are the same number 
of epochs, the feeling that the intervening epochs are more or 
less synonymous must be very strong, and the following correla 


tion suggests itself: 


New England 


North America New Jersey Long Island Gardiners Island | 
Islands 
Pre-Aftonian ; Pensauken | Wanting Wanting 
Aftonian | Erosion interval) Not separable Not separable 
unnamed | from pre- from pre 
Pleistocene | Pleistocene 
erosion | erosion 
Kansan Jameco Jameco | “First glacial” 


Extra-Morainic Drift and Pensauken' 
(Not differentiated) 


Yarmouth Sankaty Sankaty Sankaty 
Illinoian Folding Folding 
- Gay Head 
Sangamon Erosion interval) Erosion interval interval 
unnamed unnamed 
lowan Manhasset Tisbury 
Not 
Peorian | Vineyard recognized Vineyard 
| internal interval 
Wisconsin | Wisconsin Wisconsin Wisconsin Wisconsin 
Early | Ronkonkoma Ronkonkoma 


Late Ilarbor Hill 


A. C. VEATCH. 


WASHINGTON, D. C., 
October 16, 1903. 


‘I have no adequate reason for regarding the extra-Wisconsin-morainic glacier 
drift of New Jersey as pre-Aftonian, though, on the other hand, I think this is as 
probable as any other correlation. Neither is it certain that the extra-Wisconsin- 
morainic glacier drift of New Jersey is a unit, nor that it is all the time-equivalent of 
the Pensauken, which is not of glacier origin, though it is believed to be aqueo-glacial. 
Neither is it certain at the present moment that all which has been regarded as 
Pensauken can be grouped together as a unit, in the sense of corresponding to a 


particular glacial epoch. It is a composite formation ranging through a somewhat 


protracted interval.—R. D. S. 
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OBSERVATIONS ON PLATYGONUS COMPRESSUS 
LECONTE. 

Ix the museum of the University of Michigan there is a 
collection of bones of a fossil peccary, found in the peat-bog 
near Belding, Ionia county, Mich. The late Professor Alexander 
Winchell correctly identified the material as belonging to Platy- 
gonus compressus, first described by John L. Leconte (1848, 
1848@). Professor Winchell published nothing on the subject, 
and there is now no record of the exact relations the bones had 


to each other when found. 


Fic. 1.—Platygonus compressus Lec. Skull of adult male, from above. 


According to Professor Winchell’s labels, five specimens are 
represented in the collection. One series, comprising a nearly 
complete skeleton, was by him referred to one individual ; the 
only reason for doubting this collocation is that the skull seems 
to be of a male, while the sacrum agrees well with that referred 
by Williston to a female (1894, p. 36). In all probability the 
differences shown in the sacra figured by Williston are merely 
individual. The other bones of this series clearly belong 
together, and the bones are in excellent preservation. The 
other skeletons are represented by much less complete material. 
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The only skull in the collection is the one above mentioned, 
belonging to the nearly complete skeleton. It is that of an 
adult male, judging from the strong, protuberant flange of the 
mandible. All sutures are obliterated, and the teeth are much 
worn—the third premolars much more deeply so than the 
others. The prenasal ossification, figured by Williston (oc. cit.) 
in a similar skull is missing. 

Because of the question of specific identity of the specimen 
with others, I give the measurements of this skull rather fully, 


as follows: 


mm 
Length of skull from top of inion to end of nasals in median line - 2093 
Leneth from anterior margin of foramen magnum to end of premaxil- 
laries 260 
Breadth of postorbital processes 109 
Breadth of face at middle of zygomas 136 
Breadth of face at lachrymal eminences 103 
Height of supra-orbital margin from a level 107 
Height of face at posterior end of infra-orbital foramen 82 
Height of face at middle of canines 59 
Width of face at first premolar 37 
Width of face at canine alveoli - 68 
Width of premaxillaries - 42 
Depth of zygoma from end of postorbital process to end of preglenoid 
process - - 76 
Depth of zygoma at middle below the orbit 39 
Length of temporal fossa from inion to postorbital process 85 
Height of inion - - - 93 
Breadth of upper part of inion 59 
Breadth at glenoid fosse_ - 118 
Height of occipital foramen 21 
Breadth of occipital foramen 21 
Distance between the ends of the paroccipital processes (?)58 
Width between molars of the two sides 21 
Length of upper molar series 78 
Length of hiatus in advance of latter 44 
Height of canine tuberosity re 
Length of mandible from condyle to symphysis - 223 
Height of mandible at condyle 85 
Height of mandible at coronoid process 08 
Depth of mandible below premolars 39 
Depth ob iquely at symphysis 79 
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Width at canine alveoli 40 
Length of lower molar series 77 
Length of hiatus in advance of latter 53 
Transverse diameter of the condyle - 26 


In comparing this skull with those described by Williston 
from the Pleistocene of western Kansas, the following points of 
interest may be noted: In our specimen the diastema between 
the incisor and the canine of the mandible is five millimeters in 
length, as compared with eleven in the Kansas specimen. In the 


Fic. 2.—Platygonus compressus Lec. Skull of adult male, from the side. 


specimen described by Leidy as the type of Auchwrus macrops 
Williston supposed the diastema to be nearly absent, as indeed 
it seems from Leidy’s figure in Plate XXNXV. But a comparison 
of this figure with others of the same specimen on Plate XXXVI 
convinces me that the former is anything but accurate, and that 
the diastema is really very considerable. Our specimen further 
differs from the one described by Williston in having the peculiar 
asymmetrical ca-de-sac below the anterior margin of the nares, 
as described by Leidy for Eucharus macrops. Nothing is to be 
seen of fossa above the infra-orbital foramen. 

It will be seen that all our measurements fall well within the 
range of those given by Williston, and the same is true of other 


measurements not here given. A comparison of these, as also of 
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other characters of the various skulls so far figured, has con- 
vinced me that 7. /eptorhinus Williston is a synonym of P. com- 
pressus, as the author believed to be probable (1896, p. 303). 
There would seem to be little doubt that the differences given 
between these eastern and western specimens are merely indi- 
vidual. I am further convinced of this by Leidy’s comments 
upon the variations in the skull of Dicotyles torquatus and by the 
differences shown in the dentition of specimens of Diécotyles and 


Platygonus. 


Fic. 3. Vatygonus compressus Lec. Lower jaw of adult male. 


Platygonus compressus, therefore, seems to have had a very 
wide distribution during Pleistocene times in North America, 
ranging at least from New York to the extreme west of Kansas, 
and from Michigan to Mexico. 

It will be of interest here to note some of the other related 
forms described from North America: 

Platygonus striatus Marsh (1871). The type consists of por- 
tions of two lower jaws from the ‘Pliocene”’ (Pleistocene 7) of 
Nebraska, with a few anterior teeth. The characters distinguish - 
ing this from 7. compressus do not seem to be important. 


Platygonus condont Marsh (1871). The type consists of por- 
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tions of two maxilla with three posterior molars, from the “ Plio- 
cene”’ (Pleistocene of Oregon. Cope and Wortman (1884) 
referred this to Dicotyles. The posterior molar is larger than in 
P. compressus (26™™), 

Platygonus rex Marsh (1894). Based upon three lower teeth 
from the ‘Pliocene’ of eastern Oregon. Gidley (1903) says 
“the horizon is almost certainly Upper Miocene.” If so, there 
will be no question of the validity of the species. The last 
lower molar has a length of 


>> mm 
. 


Fir. 4.—Platygonus compressus Lec. Lower of jaw adult male 


In addition, other species referred to this genus have been 
described by Marsh (1871, P. striatus, Focene of Wyoming), 
Cope (1894, P. calcaratus, Blanco beds of Texas), and Gidley 
(1903, P. texanus, Blanco Pliocene of Texas). In comparing 7. 
vetus and P. alemanit, it is noticed that the two species, if they 
are distinct from each other, are of larger size than ?. compressus, 
and they may represent a species distinct from the latter, with 
practically the same geographical distribution, and they were 
probably contemporancous. 

Some years ago Newberry (1875, p. 6) mentioned a lot of a 
dozen nearly complete specimens of /atygonus compressus, found 
within the city limits of Columbus, O., and belonging to the 


‘4 
| 
ea 
gee 
4 
| 
| 


7352 GEORGE WAGNER 


Ohio Geological Survey. Professor Marsh was expected to 
write a report upon them, but none such has ever appeared. If 
these specimens have been preserved, a careful study of them, 
with especial reference to individual variations in connection 
with what has already been published, may be of much interest. 
GEORGE WAGNER. 


UNIVERSITY OF WISCONSIN, 
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GLACIER CORNICES. 

In recording observations concerning the glaciers of Green- 
land, Professor T. C. Chamberlin’ describes a jutting of certain 
layers of clear ice over dirt-stained layers in the vertical escarp- 
ment at the lower end of Tuktoo glacier. The projections or 
cornices referred to overhang from a few inches to ten or even 
fifteen feet. As to their origin, two hypotheses are discussed ; 
one, to the effect that they are due to a greater rate of motion in 
the projecting layer of ice than in the layer immediately beneath ; 
and the other, that the exposed edge of a dirt-stained layer melts 
back more rapidly than the similarly exposed edge of a stratum 
of clear ice. Either of these two explanations is considered as 
being applicable to the observed examples, and a choice between 
them does not appear to have been practicable. 

While examining the glaciers on the Three Sisters, Oregon, 
on August 16, 1903, I found jutting layers of névé ice, on the 
vertical wall of a crevasse which seem to be a counterpart of those 
described by Chamberlin, a photograph of which is here repro- 
duced. 

The wall of ice, or rather granular névé, referred to, occurs 
near the head of a small glacier at the east base of West Sister, 
and occupies an amphitheater-like depression between West and 
North Sister. It is the upper or hanging wall of the highest 
crevasse which intersects the glacier or a Bergschrund, the lower 
wall of which had in part fallen previous to my visit, so as to 
leave its companion fully exposed. The wall faces east and is in 
shadow after midday, when melting ceases on its face. In ref- 
erence to the stratification of the snow, presence of dirt bands, 
exposure to the sun, etc., the conditions present are similar to 
those pertaining to the glaciers of Greenland on the vertical 
walls of which cornices have been observed. 

The escarpment shown on the accompanying photograph is 

‘Bulletin of the Geological Society of America, Vol. V1 (1895), pp. 206, 207; JOURNAI 
or GEOLOGY, Vol. IV (1896), pp. 589-91. 
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about twenty-six feet high, and is composed of the edges of 
layers of clean, stratified, granular snow, between which there are 
dirt bands ranging in thickness from a fraction of an inch to three 
or four inches. On the central part of the precipice, where fully 
exposed to the sun until noon each day, there are two conspicu- 
ous cornices which project beyond the surface below them in 
each instance from six to seven inches. The under surfaces of 


Fic. 1.— Wall of a crevasse in the névé portion of one of the glaciers on the Three 
Sisters, Oregon, showing cornices above dirt bands. Looking northwest. August 
16, 1903. 


the projecting beds, where exposed, are slightly fluted at right 
angles to their length, but this is not a conspicuous feature. The 
precipice at its north end passes under an arch of snow which 
forms the roof of a cavern, and in the portion sheltered from the 
sun there is no jutting of the layer of snow above the lower of 
the two principal dirt banks, which is the only one extending 
into the cavern. Near the south end of the precipice, but not 
shown on the accompanying picture, the dirt bands are bent 
abruptly upward and become vertical, near where the névé joins 


the steep face of the mountain. In this portion of the precipice, 
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which is also fully exposed to the sky, melting is equal on each 
side of the dirt bands, and they appear as black streaks in the 
bottom of vertical V-shaped grooves five or six inches deep. 

In the instances deseribed above it is evident that the cornices 
are due to the more rapid melting of the layer below a dirt band 
than of the layer above it. The evidence sustaining this conclu- 
sion is, briefly, that when a horizontal dirt band is traced from 
where it is exposed to the sun, and has a cornice above it, into 
the cavern where the sun’s rays do not exert a direct influence 
the cornice disappears ; and when followed to where it is vertical 
and fully exposed to the sky, melting is equal on each side. 

The more rapid melting of the snow below than above a hor- 
izontal dirt band is evidently due to the absorption of the sun’s 
heat by the dark material, as it is dislodged and washed down- 
ward so as to stain slightly the surface beneath. The dirt exerts 
this influence during its passage over the surface of the exposed 
edges of the layers of clear snow in the face of the precipice. 

In addition to the direct evidence just presented favoring the 
hypothesis of differential melting to account for the development 
of cornices, indirect testimony in opposition to the hypothesis of 
differential motion is furnished by the fact that the distance from 
the Bergschrund to the head of the névé where it meets the steep 
upward slope of the mountain ranges from 50 to 200 feet, and, 
as is probable, there is practically no motion in the wedge of 
snow thus left clinging to the rocks. IsraeL C. Russet. 


Nore.—-That differential melting is the chief factor in the formation of 
ice cornices, in most cases, may be accepted as established by such evi- 
dence as is presented in this article, and concurrent evidence elsewhere given. 
It is much less safe to assume that shearing motion is not a contributing 
factor in many cases, especially in the basal and terminal portions of ice 
tongues. It is quite unsafe to infer that this bears adversely on the doctrine 


of shearing, which rests on other grounds. It is altogether wholesome, how- 
ever, to check, by such evidence as that presented in this paper, the too free 
inference of shearing motion to which the striking features of the cornices are 
liable to lead. Ge 
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Elements of Geology. By Joseru Le Contre. Revised and partly 
rewritten by Herman Le Roy Fartxcuitp. Fifth edition. 
New York: D. Appleton & Co. Pp. xii+667. 


Fox a quarter of a century Le Conte’s Geology has been largely 


used as a text-book in colleges, and as a work for the general reader. 
The high standing which the author had as a geologist and as a teacher, 
the literary excellence of his writings, and the even balancing of the 
divisions of the subject have all conspired to make Le Conte’s text- 
book a popular one. Students and teachers of geology will be pleased 
to know that the book has lately been revised and in part rewritten by 
Professor H. L. Fairchild, head of the department of geology at the 
University of Rochester and for a long time secretary of the Geological 
Society of America. 

In its general appearance, form, and style very few or no alterations 
in the book have been made. Advancing knowledge has required, of 
course, that many changes be made in the text, some of them of minor 
import and scarcely noticeable in a casual examination, while other 
changes are profound and indicate radical departures from what has 
heretofore been taught. Among the latter may be noted the substitu- 
tion of the planetesimal theory of Chamberlin to account for the origin 
of the earth, instead of the Laplacian hypothesis that has been so long 
accepted. 

The paging of the new edition practically conforms to that of the 
previous one. This has been done largely by a judicious withdrawal 
of some paragraphs and sections, and the addition of new ones that 
correspond in length. Many new cuts have been added, and a number 
of the sketches and drawings in the previous edition have given way to 
photographs. A few of the graphical illustrations or mathematical 
diagrams have been omitted. In the chapter on metamorphic rocks a 
number of changes have been made. Some additional varieties of 
these rocks have been described, the section on the origin of granite 
has been omitted, and the theory of metamorphism has been rewritten. 
In the historical division some new figures have been added, and 
changes in classification have been made to conform to later researches. 
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The section which treats of the glacial epoch has been rewritten and 
enlarged, and a number of cuts have been added. Professor Fairchild 
has shown much skill in preserving the spirit and style of the book, 
and yet by a series of deft touches he has been able, in most instances, 
to bring the subject-matter up to date and well to the forefront of the 
rapidly advancing science. HeENRY LANDEs. 


Geology. By Tuomas C. CHAMBERLIN AND D. SALISBURY. 
Vol. 1, Geologic Processes and Their Results; Vol. II, 
Earth History. (American Science Series — Advanced 
Course.) Henry Holt & Co., 1903. 

VoLuME I is just issuing from the press. Volume II is to follow 
closely. The following extract from the preface indicates the con- 
trolling ideas of the authors: 

In the preparation of this work it has been the purpose of the authors to 
present an outline of the salient features of geology, as now developed, 
encumbered as little as possible by technicalities and details whose bearings 
on the general theme are unimportant. In common with most writers of text- 
books on geology, the authors believe that the subject is best approached by 
a study of the forces and processes now in operation, and of the results which 
these forces and processes are now bringing about. Such study necessarily 
involves a consideration of the principles which govern the activities of 
geologic agencies. These topics are presented in Vol. 1, and prepare the 
way for the study of the history of past ages, which is outlined in Vol. II. 

The general plan of the work has been determined by the experience of 
the authors as instructors. Little emphasis is laid on the commonly recog- 
nized subdivisions of the science, such as dynamic geology, stratigraphic 


geology, physiographic geology, etc. ‘The treatment proceeds rather from the 


point of view that the science is a unit, that its one theme is ¢he history of the 
earth, and that discussions of dynamic geology, physiographic geology, etc., 
apart from their historical bearings, lose much of their significance and 
interest. The effort has, therefore, been to emphasize the historical element, 
even in the discussion of special themes, such as the work of rivers, the work 
of snow and ice, and the origin and descent of rocks. ‘This does not mean 
that phases of geology other than historical have been neglected, but it means 
that an effort has been made to give a historical cast to all phases of the sub- 
ject, so far as the topics permit. 

Throughout the work the central purpose has been, not merely to set 
forth the present status of knowledge, but to present it in such a way that the 


student will be introduced to the methods and spirit of the science, led to a 


sympathetic interest in its progress, and prepared to receive intelligently, and 
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to welcome cordially, its future advances. Where practicable, the text has 
been so shaped that the student may follow the steps which have led to pres- 
ent conclusions. ‘To this end the working methods of the practical geologist 
have been implied as frequently as practicable. To this end also there has 
been frankness of statement relative to the limitations of knowledge and the 
uncertainty of many tentative conclusions. In these and in other respects, 
the purpose has been to take the student into the fraternity of geologists, and 
to reveal to him the true state of the development of the science, giving an 
accurate and proportionate view of the positive knowledge attained, of the 
problems yet unsolved, or but partially solved, and of solutions still to be 
attained. 

rhe theoretical and interpretative elements which enter into the general 
conceptions of geology have been freely used, because they are regarded as an 
essential part of the evolution of the science, because they often help to clear 
and complete conceptions, and because they stimulate thought. The aim has 
been, however, to characterize hypothetical elements as such, and to avoid 
confusing the interpretations based on hypothesis with the statements of 
fact and established doctrines. Especial care has been taken to recognize 
the uncertain nature of prevalent interpretations when they are dependent 
on unverified hypotheses, especially if this dependence is likely to be over- 
looked. If this shall seem to give prominence to the hypothetical element, it 
should also be regarded as giving so much the more emphasis to that which 
is really trustworthy, in that it sets forth more frankly that which is doubt- 
ful. Hypothetical and unsolved problems have been treated, so far as prac- 
ticable, on the multipie basis; that is, alternative hypotheses and alternative 
interpretations are frequently presented where knowledge does not warrant 
positive conclusions. 

In many cases the topics discussed will be found to be presented in ways 
differing widely from those which have become familiar. In some cases 
fundamentally new conceptions of familiar subjects are involved; in others 
topics not usually discussed in text-books are stated with some fulness ; and 
in still others the emphasis is laid on points which have not commonly 
been brought into prominence. Whether the authors have been wise in 
departing to this extent from beaten paths, the users of the volumes must 
dec ide. 

The work is intended primarily for mature students, and is designed to 
furnish the basis for a year’s work in the later part of the college course. 
By judicious selection of material to be presented and omitted, the volumes 
will be found useful for briefer courses, and by the use of the numerous refer- 
ences to the fuller discussions of special treatises they may be made the basis 
for more extended courses than are commonly given in undergraduate work. 
The attempt has also been made to make the volumes readable, in the belief 


that many persons not in colleges or universities will be interested in follow- 
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ing a connected account of the earth’s history, and of the means by which 
that history is recorded and read. Antecedent elementary courses in geology 
will not be necessary to the use of these volumes, though such courses may 
be helpful. 

The arrangement of themes adopted is such as to bring to the fore proc- 
esses with which all students are immediately in contact, and which are 
available for study at all seats of learning. The commoner geologic agents, 
such as the atmosphere and running water, have been elaborated somewhat 
more fully than is customary, and the common rather than the exceptional 
phases of the work of these agents have been emphasized, both because of 
their greater importance and their universal availability. The text has been 
so shaped as to suggest field work in connection with these topics especially, 
since work of this sort is everywhere possible. 

After the preliminary outline, which is intended to give some idea of the 
scope of the science, and of its salient features, and to show the relations of 
the special subjects which follow, the order of treatment is such as to pass 
from the commoner and more readily apprehended portions of the subject to 
those which are less readily accessible and more obscure. Following the 
same general conception, the treatment of the topics is somewhat graded, the 
sarlier chapters being developed with greater simplicity and fulness, while the 


later are somewhat more condensed, 
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